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Memorandum  on  the  Question  Whether  Dentistry  Should  be 
Developed  “Under”  Medical  Education  or,  instead, 

WITH  THE  Generous  Cooperation  of  Medical 
Education 

albert  L.  MIDGLEY,  D.M.D.,  Sc.D.,  F.A.C.D.,  Secretary 
Providence,  Rhode  Island 

The  Dental  Educational  Council,  at  the  annual  meeting  in  Chicago 
last  April,  adopted  the  following  minute  relative  to  the  Final  Report 
of  the  Commission  on  Medical  Education:'- 

“The  Dental  Educational  Council  of  America  has  given  special  attention 
to  the  comment  on  dentistry  on  pages  216-217  of  the  Final  Report  of  the 
Commission  on  Medical  Education  (December  1932).  Included  in  the 
Commission’s  comment  is  the  expressed  opinion  that  ‘dentistry  should  be 
developed  under  medical  education.’  No  reasons  for  this  intended  subordi¬ 
nation  of  dentistry  are  given  excepting  the  general  opinions  that  (a)  ‘it 
would  seem  logical;’  (b)  ‘would  be  consistent  with  university  principles 
which  no  longer  recognize  the  artificial  separation  of  fields  of  knowledge;’ 
and  (c)  ‘would  go  far  toward  establishing  a  highly  desirable  and  valuable 
correlation  of  the  professional  training  of  these  two  closely  related  fields 
of  practice’  (medicine  and  dentistry). 

“These  suggestions  for  the  subjugation  of  the  dental  profession  are  neither 
impressive  nor  persuasive.  To  the  Dental  Educational  Council,  cognizant 
of  the  related  facts  in  the  history  of  both  medicine  and  dentistry,  the  pro¬ 
posed  development  of  dentistry  ‘under'  medical  education,  in  the  United 
States,  (a)  would  seem  to  be  illogical;  (b)  would  be  inconsistent  with  uni¬ 
versity  principles  which  clearly  recognize  the  public  necessity  for  the  self- 
determination  of,  and  for  appropriate  differences  in  education  for,  the  vari¬ 
ous  professions;  and,  (c)  instead  of  correlating  the  professional  training  in 
medicine  and  dentistry,  would  degrade  one  profession  for  the  exaltation  of 
the  other,  and  also  demoralize  the  service  of  the  practitioners  thus  dis¬ 
honored. 

1  This  minute  was  published  on  pages  2  and  3  of  the  cover  of  the  issue  of  the  Journal 
of  Denial  Research  for  August,  1933. — [Ed.\ 

329 


JOUBNAL  or  DENTAL  KESEABCH,  VOL.  XIII,  NO.  5 


330 


ALBERT  L.  MIDGLEY 


“There  should  be  intimate  coordination  between  the  principles  and  pro¬ 
cedures  of  education  for  medical  practice  and  for  dental  practice.  Although 
remaining  independent,  these  two  forms  of  health-service  education  should 
be  made  more  closely  interdependent  for  the  betterment  of  each.  The 
Council  and  the  dental  schools  have  long  promoted  this  mutual  helpfulness. 
The  strengthening  of  this  constructive  educational  development,  in  the 
public  interest,  appeals  to  us  as  a  far  more  important  interprofessional 
objective  than  the  relegation  of  one  profession  to  a  position  of  enforced 
inferiority.  For  the  attainment  of  this  worthier  purpose,  we  pledge  the  cor¬ 
dial  interest  and  effective  cooperation  of  the  faculties  of  the  dental  schools 
in  the  United  States.” 

The  Secretary  was  instructed  to  include  the  members  of  the  Com¬ 
mission  on  Medical  Education  in  the  distribution  of  copies  of  this 
minute.  It  gives  us  great  pleasure  to  present  the  following  responsive 
comment  by  Dr.  Willard  C.  Rappleye,  Dean  of  the  School  of  Medicine 
and  Acting  Dean  of  the  School  of  Dentistry,  of  Columbia  University, 
and  Director  of  the  Study  described  in  the  Final  Report  of  the  Commis¬ 
sion  on  Medical  Education:^ 

I.  LETTER  FROM  DEAN  RAPPLEYE  TO  THE  SECRETARY  OF  THE  DENTAL 
EDUCATIONAL  COUNCIL 

July  25, 1933 

Referring  to  the  minute  adopted  by  the  Dental  Educational  Council 
of  America  concerning  the  Final  Report  of  the  Commission  on  Medical 
Education,  may  I  say  that  the  only  conclusion  regarding  dentistry  on 
which  the  Commission  expressed  itself  appears  on  page  248  of  the  Final 
Report  and  reads  as  follows: 

“Education  in  medicine  and  dentistry  has  a  common  source  in  the  general 
and  medical  sciences  and  should  be  conducted  in  a  coordinated  program 
under  the  university,  if  each  division  is  to  meet  fully  its  obligations  in  the 
training  of  professional  personnel.” 

n.  LETTER  FROM  THE  SECRETARY  OF  THE  DENTAL  EDUCATIONAL 
COUNCIL  TO  DEAN  RAPPLEYE 

August  1,  1933 

Your  favor  of  the  25th  of  July  is  appreciated.  It  is  a  great  pleasure 
to  learn  that  the  “only  conclusion  regarding  dentistry  on  which  the 

*  The  reader  will  note  that  this  correspondence  is  published  with  the  consent  of  Dr. 
Rappleye,  as  indicated  in  Section  III. 
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Commission  expressed  itself”  in  the  Final  Report  is  the  one  on  page 
248  you  quote,  and  which  appears  among  the  conclusions  at  the  end  of 
the  chapter  entitled  “The  medical  course,”  although  it  does  not  appear 
in  the  “Summary”  at  the  end  of  the  Report.  The  statement  with 
which  the  Council  has  disagreed  appears  under  the  sectional  heading, 
“Dentistry,”  and  was  therefore  regarded  as  the  Commission’s  direct, 
specific,  and  mature  judgment  in  this  relation. 

May  I  report  to  the  Council  that  in  the  conclusion  on  page  248, 
which  you  quote  as  the  position  of  the  Commission  on  “education  in 
medicine  and  dentistry,”  the  phrase,  “conducted  in  a  coordinated 
program,”  does  not  include  the  idea,  expressed  by  the  Commission  on 
page  217,  that  “dentistry  should  be  developed  under  medical  educa¬ 
tion?”  I  hope  you  will  permit  me  to  make  this  simple  and  direct 
statement,  for  it  would  remove  the  basis  for  widespread  objection  to 
the  Commission’s  subjugation-idea  as  expressed  on  page  217,  and 
would  enable  us  to  clarify  the  situation  completely  to  the  satisfaction 
of  all  concerned. 

May  I  have  your  permission  also  to  publish,  as  a  unit,  your  letter  of 
the  25th  of  July  to  me,  this  reply,  and  your  further  response?  Your 
permission  to  do  this  would  enable  us  to  eliminate  all  occasion  for 
further  attention  to  this  matter,  and  thus  to  speed  the  growing  accord 
among  the  leaders  of  medical  education  and  dental  education  in  coor¬ 
dinated  plans  for  the  promotion  of  each. 

III.  LETTER  FROM  DEAN  RAPPLEYE  TO  THE  SECRETARY  OF  THE  DENTAL 
EDUCATIONAL  COUNCIL 

August  5,  1933 

In  reply  to  your  letter  of  August  1st,  we  shall  be  glad  to  have  you 
call  the  attention  of  the  Dental  Educational  Council  to  the  conclusion 
expressed  by  the  Commission  on  Medical  Education  regarding  dental 
education,  which  appears  on  page  248  of  its  Final  Report  and  which  is 
consistent  with  the  intent  and  spirit  of  the  earlier  text.  This  conclu¬ 
sion  and  the  preceding  discussion  endeavor  to  emphasize  the  impor¬ 
tance  of  a  closer  correlation  of  the  community,  research,  and  educa¬ 
tional  programs  of  the  two  professions.  The  idea  of  “subjugation”  of 
the  dental  profession  or  of  dental  education  had  never  occurred  to  the 
Commission.  In  our  meetings,  the  most  cordial  and  friendly  attitude 
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characterized  every  reference  to  the  problems  and  contributions  of 
the  dental  profession  and  of  dental  education. 

You  are  at  liberty  to  publish  my  letter  of  July  25th,  your  letter  of 
August  1st,  and  this  reply,  if  you  think  that  such  publication  will 
help  in  the  interpretation  of  the  Final  Report  of  the  Commission. 

IV.  LETTER  FROM  THE  SECRETARY  OF  THE  DENTAL  EDUCATIONAL 
COUNCIL  TO  DEAN  RAPPLEYE 

September  15, 1933 

Your  letter  of  the  5th  of  August  was  received  with  great  satisfaction. 
We  are  happy  to  have  your  assurance  that  “the  idea  of  ‘subjugation’ 
of  the  dental  profession  or  of  dental  education  had  never  occurred  to 
the  Commission,”  and,  therefore,  that  the  suggestion  on  page  217  of 
the  Final  Report,  that  “dentistry  should  be  developed  under  medical 
education,”  to  which  we  took  exception,  is  not  one  of  the  Commission’s 
conclusions. 

Your  response  will  correct  the  erroneous  impressions  created  by  the 
said  comment  on  page  217,  and  we  thank  you  for  giving  your  consent 
to  its  publication.  The  circulation  of  your  comment  among  dentists 
will  also  facilitate  the  development  of  the  ‘Hntimate  coordination 
between  the  principles  and  procedures  of  education  for  medical  prac¬ 
tice  and  for  dental  practice”  which  the  Dental  Educational  Council 
declared  in  its  minute  to  be  one  of  its  objectives,  and  which  we  are 
confident  you  and  other  leaders  in  medical  education  wish  to  promote. 
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Memorandum  Expressing  a  Protest  Against  Misstatements  in 

THE  Footnote  on  pp.  112-113  of  the  Final  Report  of  the 
Committee  on  the  Costs  of  Medical  Care 

ALBERT  L.  MIDGLEY,  D.M.D.,  Sc.D.,  F.A.C.D.,  Secretary 
Providence,  Rhode  Island 

The  Dental  Educational  Council  of  America  has  noted  the  contents 
of  the  Final  Report  of  the  Committee  on  the  Costs  of  Medical  Care.  The 
Council  respects  all  statements  of  fact  and  opinion  therein  contained. 
The  following  footnote  appears  on  pp.  112-13: 

‘‘Additional  Statement  by  Committee  Members. — We  believe  that  the 
following  additional  recommendation  should  be  made  by  the  Committee: 

“c.  We  commend  the  growing  tendency  in  the  practice  of  dentistry 
toward  a  division  of  labor  in  which  a  dentist  who  is  also  a  physician  assumes 
larger  responsibilities  for  the  diagnosis  and  treatment  of  conditions  arising 
from  or  related  to  the  teeth,  while  much  of  the  routine  performed  by  the 
dentist  in  the  past  is  delegated  to  dental  hygienists  and  other  technicians 
working  under  his  direction. — Morris  L.  Cooke,  Haven  Emerson,  Mrs. 
Walter  McNab  Miller,  Alfred  Owre,  William  J.  Schieffelin,  John  SundwaU, 
C.-E.  A.  Winslow.” 

The  foregoing  footnote  appears  in  a  report  that  was  prepared  by 
an  American  Committee  under  American  auspices,  to  describe  con¬ 
ditions  in  the  United  States,  and  was  intended  chiefly  for  use  by  the 
“American  people”  (p.  71).  Where  conditions  elsewhere  than  in 
America  are  indicated,  in  the  Report,  the  exceptions  appear  to  be 
carefully  noted  as  such.  Thus,  the  data  on  “dental  care,”  as  out¬ 
lined  on  p.  11,  obviously  relate  to  conditions  in  the  United  States, 
for  no  other  nation  is  mentioned,  whereas  a  system  for  the  provision 
of  hospital  service  in  England  is  mentioned  as  such  (p.  69).  The 
said  footnote  is  contained  in  Chapter  V,  entitled  “The  recommenda¬ 
tions  of  the  Committee,”  where  it  is  stated  (p.  104)  that  “the  Com- 
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mittee  approaches  its  task  of  formulating  recommendations . 

[on]  the  problem  of  providing  satisfactory  medical  service  to  the 
people  of  the  United  States,’*  etc.  The  footnote  under  discussion  is 
included  in  the  section  on  ‘^Recommendation  1”  (pp.  109-118),  the 
discussion  of  which  is  obviously  related  solely  to  American  conditions 
and  objectives,  excepting  the  concluding  lines  on  page  118  pertaining 
to  a  statement  by  the  British  Medical  Association.  These  conditions 
of  presentation  in  the  Report  show  clearly  that  the  footnote  on  pages 
112-13  was  intended  to  state  facts  relating  to  the  current  practice  of 
dentistry  among  the  people  of  the  United  States. 

The  quoted  footnote,  which  purports  to  be  a  statement  of  fact  and 
not  an  expression  of  opinion,  misleads  the  uninformed  reader  into 
believing  that,  among  “the  American  people,” 

(1)  in  the  practice  of  dentistry 

(2)  there  is  a  growing  tendency 

(3)  toward  a  division  of  labor,  in  which 

(4)  dentists  who  are  also  physicians  assume  larger 
responsibilities 

(5)  for  the  diagnosis  and  treatment  of  conditions  aris¬ 
ing  from  or  related  to  the  teeth,  while 

(6)  much  of  the  routine  performed  by  the  dentist  in  the  past 
(in  the  practice  of  dentistry  under  the  indicated  con¬ 
dition,  i.e.,  within  the  mouth  of  the  patient)  is  being 

(7)  delegated  to  dental  hygienists  and  other  technicians 

(8)  working  under  his  (dentist-physician’s)  direction. 

This  is  the  same  as  saying  that,  in  the  practice  of  dentistry  among  the 
American  people,  there  is  a  growing  tendency  to  turn  over  to  dental 
hygienists  and  to  other  technicians  much  of  the  actual  work  of  dental 
practice  in  the  mouths  of  patients,  this  dental  practice  by  dental 
hygienists  and  other  technicians  being  done,  in  this  growing  tendency, 
under  the  direction  of  dentists  who  are  also  physicians.  We  call 
special  attention,  in  this  connection,  to  the  following  well-known  facts, 
among  many  that  might  be  cited; 

(1)  The  dental  laws  of  the  states  and  provinces  in  the  United  States 
and  Canada  (where  they  permit  practice  by  dental  hygienists)  prohibit 
dental  hygienists  from  performing  in  the  mouth  any  operations  other 
than  cleansing  the  teeth;  and  no  “other  technicians”  may  lawfully  do. 
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in  the  mouth  of  a  patient,  in  any  state  or  province,  any  of  “the  routine 
performed  by  the  dentist  in  the  past.” 

(2)  Nowhere  in  either  country  is  there  any  tendency,  or  any  growing 
tendency,  to  approve  or  to  promote  the  illegal  dental  practice  com¬ 
mended  in  the  said  footnote,  or  to  have  the  statutes  amended  to  make 
such  practice  lawful. 

(3)  In  Canada  and  the  United  States  the  number  of  “dentists  who 
are  also  physicians” — that  is  to  say,  the  number  of  persons  licensed  to 
practice  dentistry  who  are  or  have  been  licensed  also  to  practice 
medicine — is  smaller  now  than  it  was,  say,  30,  20,  10  or  5  years  ago. 
These  outstanding  facts — all  well  known  to  dentists — completely 
invalidate  the  allegations  in  the  footnote  on  pages  112-13  of  the  said 
Report. 

The  group  of  seven  members  of  the  Committee  on  the  Costs  of 
Medical  Care  who  endorsed  the  said  footnote  contains  one  dentist. 
About  fifteen  years  ago  the  same  dentist  advocated  the  transformation 
of  dental  practice  into  what  the  footnote  alleges  to  be  a  present  grow¬ 
ing  tendency.  His  preference  soon  came  to  be  known  descriptively 
as  the  “master-servant  plan.”  Shortly  after  the  beginning,  in  1921, 
of  the  Carnegie  Foundation’s  study  of  dental  education,  the  director 
of  that  study,  after  careful  inquiry  in  all  parts  of  America,  and  in 
harmony  with  nearly  unanimous  dental  and  medical  sentiment,  re¬ 
jected  the  “master-servant  plan”  as  undesirable  and  impracticable. 
Until  about  1930,  the  “master-servant  plan”  remained  a  dead  issue, 
but  in  that  year  it  was  formally  brought  to  life  again  by  the  same  den¬ 
tist  in  his  annual  report  to  the  President  of  the  University  containing 
the  Dental  School  of  which  the  said  dentist  was  then  the  Dean.  His 
recommendation  was  again  promptly  rejected  overwhelmingly  by  the 
dental  profession,  and  received  no  endorsement  from  organized  medi¬ 
cine,  any  university,  or  the  Dental  School  of  which  the  said  dentist  was 
then  the  Dean.  Nevertheless,  this  same  dentist,  despite  his  knowl¬ 
edge  of  the  realities  of  the  situation,  evidently  failed  to  explain  to  his 
six  co-signers  of  the  footnote  that  the  alleged  “growing  tendency”  was 
in  fact  neither  a  “tendency”  nor  anything  that  was  “growing.” 

We  condemn  both  the  perversion  of  truth  to  which  those  who  signed 
the  footnote  on  pages  112-13  have  subscribed,  and  the  implication  in 
that  footnote  that  the  stated  untruth  might  be  useful  propaganda 
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against  the  integrity  of  the  dental  profession.  Various  correspondents 
and  journals  have  publicly  referred  to  the  misrepresentation  in  that 
footnote.  Indifference  to  the  obligation  publicly  to  correct  the  pub¬ 
lished  misstatement  about  current  dental  practice  among  “the  Amer¬ 
ican  people”  cannot  be  commended.  We  now  formally  bring  to  the 
attention  of  those  who  signed  the  said  footnote  an  article  on  pages 
81-98  of  the  issue  of  the  Journal  of  Dental  Research  for  February  1933, 
in  which  these  misrepresentations  are  exposed  in  detail.  In  that 
article  it  is  stated  that  as  early  as  December  13,  1932,  all  who  signed 
the  footnote  on  pages  112-13  of  the  Report  were  invited  to  defend  or 
correct,  in  that  Journal,  the  misstatements  in  the  footnote.  In 
response  to  our  inquiry,  we  have  been  informed  that  neither  the  group 
of  signers,  nor  any  one  of  them,  has  presented  to  that  Journal  any 
statement  correcting  the  misrepresentation  in  the  footnote  on  pages 
112-13.  We  have  been  unable  to  learn  that  any  other  journal  has 
received  a  statement,  from  any  of  the  seven  signers,  intended  to  cor¬ 
rect  any  public  criticism  of  the  misrepresentation,  or  to  defend  the 
misstatements,  in  the  footnote.  The  Dental  Educational  Council  of 
America  would  be  happy  to  receive  corrective  statements  from  the 
seven  who  endorsed  the  footnote,  and  to  whom  copies  of  this  memo¬ 
randum  will  be  sent.  Their  replies  would  be  entered  on  the  minutes 
of  the  Council,  and  published  in  dental  journals. 

On  page  97  of  the  issue  of  the  Journal  of  Dental  Research  mentioned 
above,  we  note  this  among  the  summary  of  general  conclusions;  “The 
Committee  [on  the  Costs  of  Medical  Care]  as  a  whole  has  no  power  to 
correct  the  untruths  in  the  footnote  on  pp.  112-13.  This  power  re¬ 
sides  only  in  the  group  of  seven  sponsors  of  that  footnote.”  We  under¬ 
stand  that  the  correctness  of  this  conclusion  has  not  been  denied. 

Addressed  individually  (July  24,  1933)  to:  Dr.  Morris  L.  Cooke,  Ger¬ 
mantown  Hospital,  Philadelphia,  Pa.  Prof.  Haven  Emerson,  630  West 
168th  St.,  New  York  City.  Mrs.  Walter  McNab  Miller,  American  Child 
Health  Association,  450  Seventh  Ave.,  New  York  City.  Dr.  Alfred  Owre, 
460  Riverside  Drive,  New  York  City.  Dr.  William  J.  Schieffelin,  25  East 
26th  St.,  New  York  City.  Prof.  John  A.  Sundwall,  University  of  Michi¬ 
gan,  Ann  Arbor,  Michigan.  Prof.  C.-E.  A.  Winslow,  Medical  School, 
Yale  University,  New  Haven,  Conn.  Copies  were  widely  distributed, 
a  few  days  later,  to  journals,  faculties,  organizations,  etc. 
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OBSERVATIONS  OF  THE  BEHAVIOR  OF  MOLTEN  METAL 
DURING  CASTING 


A  Correction  of  Statements  by  R.  E.  Myers^ 

WILMER  SOUDER,  Ph  D. 

Bureau  of  Standards,  Washington,  D.  C. 

I.  QUOTATION  FROM  A  PAPER  BY  DR.  MYERS‘ 

On  page  1010  of  the  Journal  of  the  American  Dental  Association  for 
June,  1933,  there  appeared  an  article  by  Dr.  Wihner  Souder  of  the 
Bureau  of  Standards,  entitled  “Time  required  to  cast  dental  restora¬ 
tions  from  molten  alloy,”  in  which  he  described  the  method  of  casting 
metal  into  molds  provided  with  fused-quartz  windows.  The  impres¬ 
sion  is  left  that  the  idea  was  original  with  Dr.  Souder  inasmuch  as  he 
gave  no  credit  to  anyone  for  having  employed  quartz  windows  to  study 
behavior  of  molten  metal  during  casting.  As  early  as  July,  1930,  I 
demonstrated  the  method  of  substituting  a  fused-quartz  plate  for  one 
wall  of  an  investment  mold  before  a  group  of  the  faculty  at  the  School 
of  Dentistry,  University  of  Louisville.  I  also  gave  demonstrations  of 
quartz-window  casting  before  the  Blue  Grass  Dental  Society  at  Lexing¬ 
ton,  Ky.,  in  December,  1930,  and  before  the  Odontological  Society  of 
Western  Pennsylvania  at  Pittsburgh,  in  November,  1931.  At  the 
last-mentioned  dental  meeting.  Dr.  Souder  also  appeared  on  the 
program.  I  am  not  certain  that  the  principle  had  not  been  used 
before  I  employed  it  in  July,  1930,  but  I  do  know  that  it  was  then 
immediately  adopted  by  a  great  number  of  men,  and  that  it  became 
widely  known  as  an  experimental  procedure  long  before  Dr.  Souder 
read  his  paper  at  the  meeting  of  the  American  Dental  Association  at 
Buffalo  in  September,  1932. 

II.  PRESENT  author’s  COMMENT 

No  mention  of  the  use  of  fused  quartz  was  made  in  the  summary  of 
the  article  to  which  Dr.  Myers  referred.  In  it  I  attempted  to  point 

^Journal  of  Dental  Research:  1933,  xiii,  p.  278;  August. 
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out  the  five  items  I  regarded  as  new  or  worthy  of  special  attention.  I 
am  unable  to  locate  any  statement  in  the  article  which  can  justify  an 
inference  that  I  regarded  this  phase  of  the  experiment  as  new  or 
original. 

Research  Paper  No.  32  of  the  Bureau  of  Standards  (Dec.  1928,  p. 
908)  refers  to  Price’s  classic  experiment  in  which,  more  than  twenty 
years  ago,  fused  quartz  was  used  in  contact  with  molten  gold.  On 
Jan.  11, 1910,  Price  reported  several  experiments  in  which  he  cast  gold 
against  fused  quartz.  (Reprint  from  Items  of  Interest;  not  dated.) 
These  experiments,  whilo  not  primarily  visual,  furnished  the  idea  and 
assurance  of  its  success. 

R.  L.  Coleman,  for  a  number  of  years  Research  Associate  at  the 
Bureau  of  Standards,  used  fused-quartz  tubes  in  attempting  to  pro¬ 
duce  rods  of  gold-alloy  by  attaching  one  end  of  the  tube  to  a  vacuum 
line  and  immersing  the  other  end  in  the  molten  alloy.  We  watched 
the  gold  advance  up  the  tube.  These  experiments,  which  I  assisted 
in  planning,  were  made  at  the  Bureau  of  Standards  about  the 
year  1924. 

The  movie  camera,  which  for  years  has  been  used  as  a  means  for  the 
study  of  rapidly  changing  phenomena,  is  not  questioned.  However, 
I  can  state  that  I  used  the  movie  camera  about  1927  to  photograph 
the  behavior  of  metal  passing  through  a  sprue  made  of  dental 
investment. 

All  the  above  dates  are  prior  to  July  1930,  the  date  on  which  Dr. 
Myers  appears  to  base  the  claim  for  priority. 

Fused-quartz  plates  have  been  used  as  windows  for  high-tempera¬ 
ture  furnaces,  for  interferometers  used  in  furnaces,  and  other  high- 
temperature  equipment  at  the  Bureau  of  Standards  and  in  other 
laboratories,  for  so  many  years  and  on  so  many  occasions  that  the 
thought  of  claiming  credit  for  the  idea  never  entered  my  mind. 


STUDIES  ON  TRICHOMONAS  BUCCALIS^ 

L.  H.  BEATMAN,  M.S. 

Department  of  Zoology,  University  of  Pennsylvania,  Philadelphia,  Pa. 

Although  many  studies  have  been  made  of  the  protozoan  flagellate 
of  the  human  mouth,  Trichomonas  buccalis  {fig.  1),  its  pathogenicity 
and  occurrence  in  normal  mouths  has  not  been  definitely  determined. 
Previous  investigators  either  did  not  look  for,  or  were  unable  to  find, 
flagellates  in  mouths  showing  no  diseased  condition.  Most  authors 
have  expressed  an  opinion  that  T.  buccalis  is  not  pathogenic,  but  the 
evidence  has  not  been  conclusive.  Hogue  (7)  found  that  of  50  cases 
9  (18  percent)  were  positive  for  Trichomonas,  but  stated  that  in  every 
instance  there  was  a  history  of  pyorrhea  alveolaris,  acute  gingivitis, 
or  abscessed  teeth.  Hinshaw  (5),  in  a  study  of  300  cases,  recorded 
53  (17.7  percent)  positive,  which  were  found  only  in  cases  of  advanced 
or  active  pyorrhea.  In  a  study  of  186  cases  in  San  Quentin  prison, 
Hinshaw  (4)  found  that  30.6  percent  harbored  flagellates,  but  all 
presented  diseased  conditions  of  the  mouth.  Drew  and  Griffen  (2) 
noted  that  10  percent  of  their  patients  were  infested  with  Trichomonas, 
most  of  the  mouths  showing  symptoms  of  advanced  pyorrhea.  Jepps 
(8),  examining  16  cases  of  diseased  mouths  of  Indians  and  Chinese  in 
the  Federated  Malay  States,  observed  that  32  percent  harbored  this 
protozoan.  Nearly  all  the  above  values  on  incidence  were  casual 
observations  in  investigations  of  oral  abnormalities. 

The  present  study  of  T.  buccalis  represents  an  attempt  (a)  to  deter¬ 
mine  its  incidence  in  a  fairly  large  number  of  cases;  (b)  to  study  the 
relation  of  its  oral  incidence  to  the  condition  of  the  human  mouth,  to 
obtain  data  on  its  pathogenicity;  (c)  to  note  the  presence  of  tricho- 
monads  in  saliva,  as  bearing  on  possible  transmission  through  droplet 
infection;  and  (d)  to  make  preliminary  studies  on  its  viability  in  tap 

^  A  preliminary  report  was  included  in  the  proceedings  of  the  ninth  general  meeting 
(1931)  of  the  International  Association  for  Dental  Research:  Journal  of  Dental  Research, 
1931,  xi,  p.  486. 
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water  and  culture  media  at  room  and  incubator  temperatures.  Ma- 
terial^was  obtained  from[the*mouths  of^350  adults,  most  of  whom  (222) 
were  gravid  women — ^patients  at  the  Antenatal  Clinic  of  the  Jefferson 
Medical  College  Hospital;  the  rest  were  patients  at  the  dental  clinics 
of  the  University  of  Pennsylvania  and  of  Jefferson  Hospital.  Per¬ 
mission  to  conduct  these  studies  was  obtained  through  the  courtesy 
of  Dr.  Leopold  Goldstein,  Jefferson  Hospital  Antenatal  Clinic;  of  Dr. 
Nordstrom,  Jefferson  Dental  Clinic;  and  of  Drs.  Appleton  and  Cook, 
Dental  School,  University  of  Pennsylvania.  Special  thanks  are  due 
to  Dr.  P.  Brooke  Bland,  Supervisor  of  the  Jefferson  Hospital  Antenatal 
Clinic,  for  his  kindness  in  permitting  this  survey  to  be  made.  I  also 


X  M  pf  R  u  pb  |b  a 


Fig.  1.  Diagrammatic  Representation  of  T.  buccalis 
A,  anterior  group  of  four  flagella.  B,  blepharoplast.  C,  cytostome,  or  mouth.  M, 
marginal  filament,  or  posterior  flagellum.  N,  nucleus.  Pb,  parabasal  body.  Pf,  para¬ 
basal  fibril.  R,  chromatic  basal  rod.  U,  undulating  membrane.  X,  axostyle.  (From 
drawing  by  D.  H.  Wenrich.) 

wish  to  express  my  deep  appreciation  to  Dr.  David  H.  Wenrich,  of  the 
Department  of  Zoology,  for  his  guidance  and  assistance. 

Culture  methods.  T.  buccalis  has  been  cultivated,  with  various  degrees 
of  success,  by  many  investigators  since  its  first  successful  culture,  in  1915, 
by  Lynch  (10).  Many  different  albuminous  ingredients,  such  as  blood 
sera,  egg  albumen,  etc.,  in  various  salt  solutions,  have  since  been  used  by 
Ohira  and  Noguchi  (11),  Lynch  (10),  Hogue  (7),  Hinshaw  (6),  Deschiens 
and  Kipchidze  (1),  and  Kipchidze  (9).  The  present  study  included  a  com¬ 
parative  test  of  the  simpler  media  employed  by  these  authors;  additional 
media  were  used  successfully.  Several  strains  of  T.  buccalis  were  inoculated 
into  forty-six  different  media,  and  the  rate  and  extent  of  growth  in  these 
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were  noted.  This  was  done  by  counting  the  number  of  flagellates  per 
microscopic  field  (for  10  fields,  with  No.  10  ocular  and  16  mm.  objective), 
and  comparing  the  averages  obtained  each  day  for  each  culture  medium 
sustaining  the  same  strain.  The  media  giving  the  most  satisfactory  results 
were  modified  Hogue’s,  peptone-liver-extract,  rice-starch-Ringer-serum- 
slant,  and  dilute  Ringer-Loeffler.  These  preparations,  which  were  used  in 
routine  culture  work,  can  readily  be  made  from  materials  easily  available. 
Their  ingredients  and  preparation,  as  followed  in  this  study,  are  given  below. 

Medium  1:  Modified  Hogue  medium. — (a)  Sheep  blood-serum  diluted 
three  times  its  volume  in  distilled  water,  (b)  Ringer  solution  (grams): 
NaCl,  8.0;  NaHCOs,  0.2;CaCl2, 0.2;  KCl,  0.2;  dist.  water,  1000.  (c)  Solid- 
ified-agar  slant.  The  procedure  for  the  slants  is  simplified,  if  commercially 
prepared  nutrient-agar  is  used.  This  is  dissolved  in  distilled  water  in  pro¬ 
portions  as  directed,  tubed,  autoclaved  at  15-lb.  pressure  for  30  minutes, 
then  allowed  to  cool  and  harden  in  a  tilted  position.  Equal  portions  of  (a) 
and  (b)  are  mixed  and  dispensed  in  test-tubes.  These  are  autoclaved  at 
15-lb.  pressure  for  15  minutes.  Before  inoculation,  the  sterile  mixture  is 
poured  over  (c).  Although  somewhat  more  troublesome  and  expensive  to 
prepare  than  many  of  the  other  media,  this  one  gave  the  best  results  in  the 
routine  work. 

Medium  2:  Peptone-liver-extract  medium. — (a)  Liver  extract  (Lilly),  1  gm. 
(b)  Peptone,  1  gm.  (c)  Ringer  solution,  400  cc.  These  ingredients  are 
thoroughly  mixed  (solution  warmed  to  50-60°C.),  filtered,  tubed,  and  auto¬ 
claved  for  15  minutes  at  15-lb.  pressure.  This  medium,  although  very 
simple,  gave  consistently  good  results. 

Medium  3:  Rice-starch-Ringer-serum-slant  medium. — (a)  Coagulated 
sheep  blood-serum  (3-5  cc.)  is  dispensed  in  test-tubes,  placed  in  a  reclining 
position  in  an  autoclave,  and  sterilized  for  15  minutes  at  15-lb.  pressure, 
(b)  Ringer  solution,  (c)  Rice  starch.  Ringer  solution  is  poured  over  (a). 
The  tubes  are  again  autoclaved.  A  small  amount  of  rice  starch  is  added  to 
the  supernatant  fluid  before  inoculation.  In  this  medium,  growths  of  tri- 
chomonads  were  maintained  for  a  long  period  without  subculturing. 

Medium  4:  Ringer-Loeffler  Medium  No.  1. — (a)  Loeffler  dehydrated 
serum,  (b)  Modified  Ringer  solution  (grams) :  NaCl,  6.0;  CaCU,  0.1;  KCl, 
0.1;  NaHCOs,  0.1;  dist.  water,  1000.  Ringer’s  is  autoclaved  at  15-lb. 
pressure  for  15  minutes.  Before  use,  the  dehydrated  serum  (0.25  gm.)  is 
dissolved  in  100  cc.  of  warm  Ringer  solution. 

Medium  5:  Ringer-Loefiler  Medium  No.  2. — (a)  Loeffler  dehydrated 
serum,  0.5  gm.  (b)  Ringer  solution,  100  cc.  Loeffler’s  is  dissolved  in  this 
more  concentrated  Ringer  solution  in  the  same  manner  as  above.  This 
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medium,  as  well  as  Medium  4,  gave  profuse  growths.  It  cannot  be  stored 
indefinitely;  but,  because  of  its  simplicity,  can  be  prepared  quickly  and 
easily. 

For  ordinary  purposes,  the  supernatant  liquids  in  these  media  can  be 
dispensed  in  10  cc.  amounts.  In  using  media  1,  2,  and  3,  it  is  advisable  to 
keep  the  autoclaved  culture-tubes  in  an  incubator  (36°C.)  several  days 
before  inoculating  them.  This  appears  to  lessen  the  shock  that  cold  culture- 
media  give  to  endozoic  protozoa;  it  also  tests  the  sterility  of  the  medium. 
Drops  of  cultured  material  for  microscopic  examination  or  subculturing  are 
best  obtained  with  a  sterile  capillary  pipette.  It  is  advantageous  to  draw 
off  material  from  the  bottom  of  the  tube,  among  the  debris,  where  the  tri- 
chomonads  collect  in  greater  numbers.  To  maintain  strains  in  a  single 
test-tube  without  subculturing,  a  paraffin-oil  layer  was  used.  In  this  way 
strains  were  kept  alive  for  nearly  four  weeks  without  transplanting.  How¬ 
ever,  Hogue  (7)  maintained  Trichomonas  for  30  days;  Hinshaw  (6),  for 
seven  weeks  in  the  same  tubes.  Addition  of  saliva  to  culture  tubes  to  give 
better  growths,  as  suggested  by  Hogue,  was  not  found  to  be  advantageous. 

The  superiority  of  the  culture  method  of  diagnosis  over  the  smear  ex¬ 
amination  was  indicated  in  the  following  manner.  In  an  attempt  to  study 
material  fresh  from  the  mouth,  smears  were  placed  directly  on  slides  and 
examined.  Of  17  such  smears,  4  were  positive.  On  culturing  these  17,  8 
contained  trichomonads.  Hegner  and  Becker  (3)  have  also  demonstrated 
that  culture  methods  give  higher  percentages  of  positives. 

Incidence.  The  total  of  350  cases  were  handled  by  two  different 
methods,  in  groups  of  250  and  100,  respectively.  In  the  first  group 
(250),  sterile  swabs  were  moistened  by  the  patient’s  saliva,  and  rubbed 
over  the  lower  gums — and  into  pyorrhea  pockets,  if  present.  The 
swabs  were  then  placed  in  tubes  containing  culture  media.  Saliva 
from  the  patient  was  added  to  this  tube,  since  experiments  by  Hogue, 
as  mentioned  previously,  appeared  to  indicate  that  saliva  favored  a 
better  growth  of  mouth  trichomonads.  The  tubes  were  carried  to 
the  laboratory,  placed  in  an  incubator  regulated  at  36°C.,  and  ex¬ 
amined  on  the  third  day.  In  the  second  group  (100)  most  of  the 
mouths  were  diseased.  Each  patient  was  first  asked  to  pass  saliva 
into  a  tube  of  culture  medium,  kept  nearly  at  body  temperature.  A 
swab  was  applied  to  each  mouth,  as  for  the  first  group,  and  placed  in 
another  test-tube  containing  the  same  medium.  It  was  hoped  to 
obtain  in  this  manner  an  indication  of  the  presence  of  flagellates  in  the 
saliva  of  Trichomonas-miesttd  mouths. 
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From  a  comparison  of  the  results  recorded  in  table  1,  we  note  that 
for  the  first  group,  49  (19.6  percent)  in  250  mouths  gave  subsequent 
trichomonad  growths;  in  the  second  group,  28  (28  percent)  were  posi¬ 
tive.  The  divergence  in  these  percentages  may  be  due  to  the  in¬ 
equality  in  the  numbers  of  cases  in  the  two  groups.  However,  mouth 
condition  probably  had  a  greater  influence.  In  the  first  group,  158 


TABLE  1 

Relative  distribution  of  Trichomonas  buccalis  in  normal  and  morbid  mouths  of  white  and 

colored  patients  * 


MORBID  MOUTHS 

NORMAL  MOUTHS 

TOTAL 

patients;  color 

Cases 

Positive 

Cases 

Positive 

Cases 

Positive 

No. 

No.  1  Percent 

No. 

No.  I  Percent 

No. 

Percent 

I.  First  group:  250  patients 


White . 

95 

26 

29.7 

52 

4 

7.7 

147 

20.4 

Colored . 

63 

14 

22.2 

40 

5 

13.7 

103 

18.4 

Total . 

158 

40 

25.3 

92 

9 

9.9 

250 

19.6 

II.  Second  group;  100  patients 


60 

20 

33.3  1 

2 

1 

50.0 

62 

27 

5 

18.5 

11 

2 

18.1 

38 

Total . 

87 

25 

28.7 

13 

3 

23.0 

100 

III.  Groups  I  and  II  combined:  350  patients 


White . 

155 

46 

29.7 

■1 

5 

iB 

209 

24.4 

Colored . 

90 

19 

21.1 

HI 

7 

||g 

141 

18.4 

Total . 

245 

65 

26.5 

105 

12 

11.4 

350 

22.7 

^  “Morbid  mouths”  were  those  exhibiting  conditions  of  pyorrhea  alveolaris,  gingivitis, 
decayed  teeth,  or  absence  of  more  than  three  teeth  (this  indicating  a  previous  diseased 
condition).  “Normal  mouths”  were  arbitrarily  adjudged  to  be  those  that  displayed 
healthy  gums  and  sound  teeth  (even  though  stained  with  tartar  deposits). 


(63.2  percent)  of  the  mouths  were  pathological,  while  most  of  the 
mouths  of  the  second  group  (85  percent)  exhibited  abnormaUties. 
Considering  only  results  from  morbid  mouths,  it  is  noted  that  in  the 
first  group,  40  (25.3  percent)  of  the  diseased  mouths  harbored  tricho- 
monads,  as  compared  with  25  (28.7  percent)  in  the  second  group. 

The  results  are  illustrated  in  fig.  2,  where  it  is  shown  that  65  (26.5 
percent)  of  245  pathological  mouths  yielded  growths  of  trichomonads, 
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as  compared  with  12  (11.4  percent)  of  105  normal  mouths  that  har¬ 
bored  the  animal.  This  would  indicate  that  diseased  mouths,  as  well 
as  unclean  mouths  to  a  lesser  extent,  are  more  favorable  for  growth  of 
T.  huccalis  than  normal,  hygienic  mouths.  The  pathogenicity  of 
T.  buccalis  is  still  doubtful,  since  any  assumption  as  to  what  is  a  nor¬ 
mal  mouth  is  in  effect  arbitrary,  and  open  to  error.  However,  twelve 
of  these  arbitrarily  designated  normal  mouths  (eight  of  them  in  an  un¬ 
sanitary  condition)  harbored  this  flagellate,  although  other  observers 
have  found  it  only  in  mouths  considered  pathological.  Whereas  46 
(29.7  percent)  of  155  white  patients  having  pathological  mouths  were 
positive  for  trichomonads,  only  19  (21.1  percent)  of  90  colored  patients 
harbored  this  flagellate.  From  the  fact  also  that  73.5  percent  of  the 
diseased  mouths  apparently  harbored  no  flagellates,  there  seems  to  be 


Fig.  2.  Percentage  Distribution  of  T.  buccalis  (350  Cases) 

A,  according  to  condition  of  mouths.  B,  according  to  color  of  patients.  C,  accord¬ 
ing  to  condition  of  mouths  and  color  of  patients — upper  pair:  morbid  mouths;  lower  pair: 
normal  mouths. 


natural  resistance  to  these  forms,  even  though  conditions  favoring 
their  development  predominate.  In  drawing  conclusions  from  such 
data,  the  relative  number  of  cases  must  be  considered.  Likewise, 
it  is  necessary  to  assume  that  all  hosts  have  been  exposed  to  infection, 
an  assumption  which  doubtless  has  exceptions. 

For  the  second  group,  cultures  were  inoculated  with  saliva  alone. 
Many  of  these  tubes,  after  incubation  for  three  days,  showed  tricho- 
monad  growth.  Of  the  100  cases  (28  positive  by  the  swab  method),  16 
were  positive  in  corresponding  saliva-inoculated  culture  tubes.  The 
presence  of  T.  huccalis  in  saliva  of  trichomonad-infested  mouths  sug¬ 
gests  possible  transmission  through  droplet  infection. 

Several  experiments  were  conducted  to  determine  the  extent  to 
which  different  strains  of  T.  huccalis  were  viable  in  tap  water  and  in 
culture  media  at  room  and  incubator  temperatures.  Equal  quanti- 
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ties  of  tap  water  (10  cc.)  were  inoculated  with  10  drops  of  culture 
media  containing  active  trichomonads.  One  set  was  kept  at  room 
temperature  (av.  25°C.);  the  other,  incubated  at  36°C.  Subcultures 
were  made  at  regular  intervals,  incubated,  and  examined  in  three  days. 
One  strain  survived  submersion  in  tap  water  88  hours  at  room  tem¬ 
perature.  The  longest  time  trichomonads  survived  in  incubated  tap- 
water  tubes  was  64  hours.  Survival  of  trichomonads  in  tap  water 
was  noted  by  Hinshaw  (6)  and  Hogue  (7)  for  shorter  lengths  of  time. 
The  ability  of  T.  bttccalis  to  exist  for  several  days  in  tap  water  at  room 
temperature  suggests  possible  transmission  through  contaminated 
drinking  cups. 

To  ascertain  relative  effects  of  room  and  incubator  temperatures  on 
trichomonad  growth  in  culture  media,  two  strains  were  each  inoculated 
into  three  culture  media.  One  set,  as  before,  was  kept  at  room  tem¬ 
perature;  the  other,  in  an  incubator.  Subcultures  were  made  at  regu¬ 
lar  intervals,  incubated,  and  examined.  The  two  strains  reacted 
similarly.  In  one  medium  (Loeffler-Ringer  No.  2),  the  two  strains 
were  maintained  for  six  days  when  incubated;  at  room  temperature, 
they  remained  alive  for  nine  days.  In  another  medium  (peptone-liver- 
extract),  trichomonads  survived  nine  days  at  incubator  temperature; 
at  room  temperature,  twelve  days.  In  the  third  medium  (Medium  3) 
there  was  not  much  discrepancy  between  the  longevity  of  incubator- 
cultivated  trichomonads  and  those  kept  at  room  temperature.  It 
was  noted  that  the  average  number  of  trichomonads  per  microscopic 
field  (of  ten  fields  counted)  was  much  higher  during  the  first  few  days 
in  incubated  tubes  than  in  those  maintained  at  the  cooler  environ¬ 
ment.  The  shorter  longevity  of  the  former  might  have  been  due  to 
the  rapid  accumulation  of  waste  products,  presumably  somewhat 
suppressed  in  the  cooler  tubes.  The  culture  of  T.  huccalis  at  room 
temperature  is  important  in  diagnostic  procedure.  Should  further 
experimentation  indicate  conclusively  that  good  growths  of  tricho¬ 
monads  can  be  obtained  without  incubation,  routine  culture  methods 
to  determine  the  presence  of  this  flagellate  may  be  simplified. 

Another  interesting  observation,  which  may  have  some  taxonomic 
significance,  was  the  marked  increase  in  size  of  the  flagellates  in  media 
containing  rice  starch.  When  the  trichomonads  were  transferred  to 
mixtures  lacking  rice  starch,  their  size  decreased  to  normal  dimensions. 
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Kipchidze  (9)  reported  a  similar  observation  in  his  culture  studies  of 
Trichomonas  in  monkeys. 

Summary 

1.  A  study  was  made  of  the  mouths  of  350  patients  at  the  maternity 
and  dental  clinics  of  the  Jefferson  Medical  School  Hospital  and  the 
Dental  School  of  the  University  of  Pennsylvania.  In  one  group  (250 
cases),  49  (19.6  percent)  gave  subsequent  growths  of  T.  buccalis  in 
media  incubated  at  36°C.  Of  these,  20.4  percent  were  white  patients; 
18.4  percent,  colored.  Nine  normal  mouths  (8  in  an  unsanitary  condi¬ 
tion),  of  92  examined,  showed  trichomonad  infestation. 

2.  A  second  group  of  100  cases  was  studied  to  determine  the  pres¬ 
ence  of  flagellates  in  saliva  of  Trichomonas-inlested  mouths.  Each 
patient  was  asked  to  pass  saliva  into  a  culture  tube;  then  a  swab  was 
rubbed  over  the  gums,  and  placed  in  a  second  culture  tube.  By  the 
swab  method,  28  were  positive.  Of  these,  16  showed  growth  in  saliva- 
inoculated  tubes.  Presence  of  trichomonads  in  saliva  suggests  the 
possibility  of  transmission  through  droplet  infection. 

3.  Combining  the  results  of  the  two  groups  of  cases  (total,  350)  77 
(22.7  percent)  harbored  T.  buccalis.  Of  these,  51  in  209  (24.4  per¬ 
cent)  were  white  patients,  and  26  in  141  were  colored.  Pathological 
mouths  of  both  races,  totaling  65  cases  in  245  (26.5  percent),  were 
positive  for  T.  buccalis.  Material  from  12  patients  in  105  (11.4  per¬ 
cent)  having  normal  mouths  (8  were  not  kept  clean)  yielded  tricho¬ 
monad  growths. 

4.  These  data  indicate  that  T.  buccalis  can  associate  with  disease- 
producing  organisms,  and  that  unsanitary  oral  conditions  favor  its 
growth. 

5.  The  culture  method  of  diagnosis  is  superior  to  the  smear  method. 
Of  17  smears  taken,  only  4  were  positive  by  direct  examination,  but  8 
yielded  growths. 

6.  A  comparative  study  was  made  of  the  rate  and  extent  of  growth 
of  several  different  strains  in  forty-six  culture  media,  many  of  the 
latter  having  been  reported  as  giving  good  results.  Five  were  found 
best  suited  for  routine  culture  work.  Modified  Hogue  medium  gave 
the  most  consistent  and  prolific  numbers.  Increase  in  size  of  the  tri¬ 
chomonads  in  rice-starch  media  was  noted. 
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7.  Preliminary  experiments  on  the  viability  of  T.  buccalis,  in  tap 
water  at  room  and  incubator  temperatures,  indicated  that  flagellates 
persisted  88  hours  at  room  temperature  (average  25°C.)  as  compared 
with  survival  for  64  hours  in  tap  water  incubated  at  36°C.  Trans¬ 
mission  through  contaminated  drinking  cups  is  suggested. 

8.  The  relative  longevity  of  two  strains  in  three  different  culture 
media  was  determined  at  room  and  incubator  temperatures.  In  one 
medium  flagellates  survived  6  days  when  incubated,  but  persisted 
with  fewer  numbers  at  room  temperature  for  9  days.  In  another 
medium  the  organisms  were  active  for  9  days  in  a  temperature  of  36° 
C.,  but  were  maintained  for  12  days  at  room  temperature.  It  was 
noted  that  the  average  number  of  trichomonads  per  microscopic  field 
was  much  higher  in  incubated  media.  Incubation  might  have  short¬ 
ened  the  longevity  of  the  contained  flagellates  by  favoring  more  rapid 
accumulation  of  toxic  waste-products  than  in  the  cooler  media.  More 
experimentation  with  room-temperature  cultivation  should  simplify 
diagnostic  procedures  for  the  recognition  of  Trichomonas. 
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SOLUBILITY  OF  ENAMEL^ 


J.  C.  FORBES,  M.A.,  Ph.D. 

Department  of  Biochemistry,  Medical  College  of  Virginia,  Richmond,  Va. 

It  has  been  shown  by  various  investigators  that  enamel  dissolves  in 
acid  solutions,  but  the  actual  H-ion  concentration  at  which  decalci¬ 
fication  begins  has  not  been  agreed  upon.  McIntosh,  James,  and 
Lazarus-Barlow  (1)  found  that  solution  of  enamel  begins  at  pH  4, 
lower  concentrations  of  H  ions  having  no  effect.  Rodriguez  (2)  failed 
to  obtain  decalcification  at  pH  3.8  in  ten  weeks.  Hartzell  and  Larson 
(3)  did  not  observe  appreciable  decalcification  at  pH  2  even  after 
exposure  for  four  months.  All  these  investigators  immersed  the  whole 
tooth  in  the  solution,  and  determined  only  the  original  pH  value;  since 
both  teeth  and  bone  exert  marked  neutralizing  action  on  acids,  it  is 
safe  to  assume  that  the  acidity  of  the  solutions  was  greatly  diminished 
during  the  exposures.  Bunting  and  Palmerlee  (4),  covering  the  bulk 
of  teeth  with  shellac  to  leave  only  small  areas  exposed,  obtained  de¬ 
calcification  in  solutions  of  pH  2.5,  3.8,  and  4.0,  in  eleven  days;  and  in 
solutions  of  pH  4.8  and  5.0  in  four  and  one-half  weeks.  Friesell  and 
Vogt  (5)  allowed  dilute  acid  solutions  to  flow  slowly  over  teeth,  and 
found  that  lactic  acid  solutions  of  pH  4.0-4.1,  4.65-4.8,  and  5.0-5. 1 
produced  definite  etching  of  enamel  in  six  weeks.  Water,  fully  car¬ 
bonated  at  atmospheric  pressure,  caused  several  opaque  white  spots 
to  appear  in  three  days;  but  carbonated  water,  saturated  with  trical¬ 
cium  phosphate,  did  not  etch  enamel  even  in  eight  weeks.  McClel¬ 
land  (6),  Benedict  and  Kanthak  (7),  and  Enright,  Friesell,  and  Trescher 
(8)  determined  the  solubility  of  enamel  in  buffered  solutions  of  differ¬ 
ent  pH  values.  McClelland  obtained  solution  of  enamel  at  all  pH 
values  below  6,  but  no  solution  in  those  between  pH  6.5  and  11. 
Benedict  and  Kanthak  found  enamel  distinctly  soluble  in  acid  buffer- 
solutions,  and  slightly  soluble  in  distilled  water  and  alkaline  buffer- 

*  Proceedings  of  the  eleventh  general  meeting  of  the  International  Association  for 
Dental  Research;  Journal  of  Dental  Research,  1933,  xiii,  p.  192. 
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solutions.  Addition  of  either  Ca  or  phosphate  ions  diminished  the 
solubility.  They  concluded  that  were  it  not  for  the  protective  action 
of  these  ions,  enamel  would  dissolve  in  ordinary  saliva.  Enright, 
Friesell,  and  Trescher  obtained  a  distinct  action  on  enamel,  as  shown 
by  marked  whitening  effect  and  loss  of  polish,  at  all  pH  values  below 
7.4,  but  at  no  pH  value  above  5  if  the  solutions  previously  were  practi¬ 
cally  saturated  with  tricalcium  phosphate. 

These  results  published  by  Enright,  Friesell,  and  Trescher  are  of 
great  interest;  but  the  conclusion  that  a  pH  value  of  less  than  5  is 
necessary  for  the  production  of  dental  caries  seems  hardly  justified 
from  their  experimental  results.  They  used  solutions  practically 
saturated  with  tricalcium  phosphate  and  consequently  containing,  at 
the  lower  pH  values,  Ca  and  P  concentrations  greatly  in  excess  of 
those  occurring  in  normal  saliva.  It  is  probable  that,  if  they  had  used 
solutions  having  Ca  and  P  concentrations  comparable  to  those  occur¬ 
ring  in  saliva,  they  would  have  obtained  decalcification  at  pH  values 
greater  than  5,  since  Benedict  and  Kanthak  obtained  some  enamel 
solubility  in  a  solution  of  pH  5.83,  and  containing  8.23  mg.  of  Ca  and 
23.3  mg.  of  P  per  100  cc.  However,  it  is  probable  that  enamel  is 
dissolved  by  secreted  saliva  only  in  exceptional  cases,  when  the  sali¬ 
vary  pH  is  extremely  low.  Thus,  Enright,  Friesell,  and  Trescher  (8) 
have  calculated,  from  results  obtained  by  Vogt  (9),  that  the  ion  prod¬ 
uct  of  Ca  and  phosphate  in  saliva  of  both  caries-susceptible  and  caries- 
free  individuals  exceeds  the  solubility  product  of  tricalcium  phosphate, 
showing  that  saliva  is,  at  least  usually,  supersaturated  by  this  salt. 
It  is  therefore  apparent  that  we  must  look  for  the  cause  of  dental 
caries  beyond  a  simple  solution  of  enamel  in  saliva  itself.  Microor¬ 
ganisms  undoubtedly  play  an  important  role  through  acid  production, 
but  no  available  explanation  seems  adequately  to  account  for  the 
appearance  of  caries  in  certain  individuals  only.  If  one  assumes  a 
difference  in  the  oral  flora  of  caries-susceptible  and  caries-free  individ¬ 
uals — there  is  considerable  evidence  that  this  is  the  case — it  then 
becomes  necessary  to  explain  this  difference.  It  is  possible  that  varia¬ 
tions  in  the  pH,  and  in  the  acid-neutralizing  action  of  saliva,  may  be 
important  factors,  caries  resulting  when  these  are  low,  and  “immunity” 
when  they  are  high.  Unpublished  results  obtained  by  the  author, 
in  this  regard,  are  suggestive  but  inconclusive  owing  to  apparent  ex- 
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ceptions.  It  is  however  possible  that,  if  the  various  cases  were 
followed  over  a  period  of  sufficient  length,  the  irregularities  could  be 
explained. 

In  an  attempt  to  obtain  further  information  on  the  origin  of  caries, 
it  was  decided  to  study  effects  of  the  following  conditions  on  solubility 
of  enamel:  (a)  Effect  of  magnesium  salts,  for  soluble  magnesium  salts 
greatly  increase  solubility  of  bone  in  water  (10).  (b)  Effect  of  CO2 

in  a  concentration  approximating  that  of  alveolar  air.  (c)  Effect  of 
microorganisms  from  the  mouth  of  an  individual  relatively  “immune” 
to  caries  for  a  number  of  years,  when  a  suitable  substrate  for  acid 
production  is  present,  (d)  Effect  of  the  initial  pH  value  of  solutions 
on  the  rapidity  of  the  decalcification  caused  by  these  microorganisms. 

Procedure.  Enamel,  obtained  from  air-dried  teeth  by  cracking  and  re¬ 
moving  adherent  dentine  with  a  dental  bur,  was  finely  ground  in  a  glass 
mortar,  and  approximately  50  mg.  used  for  about  75  cc.  of  the  respective 
solutions.  No  distinction  was  made  between  carious  and  normal  teeth, 
preliminary  experiments  having  shown  that  the  solubility  of  enamel  from 
carious  and  from  normal  teeth  was  the  same  in  water  saturated  with  air 
containing  5  percent  of  CO2  by  volume.  The  C02-air  mixtures  were  pre¬ 
pared  by  forcing  the  required  amount  of  CO2  into  a  gas  holder,  followed  by 
air  to  give  an  approximately  5  percent  concentration  of  CO2  by  volume. 
This  gas  mixture  was  then  allowed  to  bubble  slowly  through  a  train,  usually 
of  four  solutions,  in  an  incubator  at  37°C.  Since  the  gas  in  the  holder  was 
kept  over  water,  the  gas  would  consequently  be  saturated  with  water  vapor 
at  room  temperature  and,  in  passing  through  the  solutions,  could  cause  only 
very  slight  evaporation,  even  in  the  first  solution.  Any  error  resulting 
from  this  cause  would  therefore  be  negligible.  The  bubbling  gas  served 
not  only  to  keep  the  solutions  saturated  with  CO2  at  the  concentration  used, 
but  also  to  stir  them  and  enable  equilibrium  to  be  established  rapidly.  A 
similar  procedure  was  used  for  the  air-saturated  solutions.,  In  all  other 
experiments,  equilibrium  was  speeded  by  placing  the  solutions  in  a  rotatory 
shaker  in  an  incubator  at  37®C, 

The  solutions  in  the  experiments  recorded  in  tables  4  and  5  are  not  “arti¬ 
ficial  saliva”  in  the  true  sense  of  the  term.  They  contained  no  protein,  but 
had  approximately  normal  P  and  bicarbonate  concentrations.  The  Ca 
concentration  was  considerably  less  in  most  cases  than  in  normal  saliva 
owing  to  its  slight  solubility  in  the  solutions  used.  In  preparing  the  solu¬ 
tions,  0.68  gram  of  KH2PO4,  a  small  amount  of  CaCb,  and  approximately 
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0.8  gram  of  NaHCOa  were  dissolved  in  water  and  the  solution  made  up  to 
1  liter.  From  this  stock  solution  the  other  solutions  were  prepared  by 
adding  a  small  amount  of  either  NaHCOs  on  HCl,  to  give  the  desired  pH 

TABLE  1 

Effect  of  MgSOi  on  solubility  of  finely  ground  teeth  in  water,  in  presence  or  absence  of  calcium 

and  phosphate  ions 


CONCENTRATIONS  OP  CALCIUM  AND  PHOSPHORUS,  IN  MG.  PER  100  CC.  OF  SOLUTION 


EXP. 

DUR.\- 

0.04  M  MgSOi 

0.004  M  MgSO. 

WATER 

NO. 

TION 

Sol.  1  1 

Sol.  2 

Sol.  1 

Sol.  1  1 

Sol.  2 

Ca 

P 

Ca 

P 

Ca 

P 

Ca 

p 

Ca 

P 

1 

9.4 

2.9 

0 

0 

2.9 

9.4 

2.9 

0 

24 

2.7 

1.1 

0.1? 

2.4 

5.3 

1.9 

0.3 

48 

2.5 

1.8 

0.7 

5.2 

2.1 

0.4 

HQ 

96 

2.1 

1.8 

0.7 

2.0 

3.3 

1.6 

0.5 

TABLE  2 

Effect  of  CO2  on  solubility  of  finely  ground  teeth  in  water  and  in  0.04  M  MgSO^ 


CONCENTRATIONS  OF  CALCIUM  AND  PHOSPHORUS,  IN 
MG.  PER  100  CC.  OF  SOLUTION 


EXP. 

NO. 

DURA¬ 

TION 

0.04  M  MgSOi  1 

Water 

REMARKS 

Sol.  1  1 

Sol.  2 

Sol.  1  1 

Sol.  2 

Ca 

B 

B 

B 

Ca 

B 

Ca 

P 

krs. 

B 

B 

B 

B 

1 

1 

48 

1.1 

1.1 

2.2 

1.2 

1.6 

0.7 

1.4 

0.6 

Expired  air  bubbled 

96 

4.8 

1.8 

5.7 

1.8 

2.4 

0.8 

2.2 

0.6 

occasionally 

192 

6.4 

2.6 

8.3 

2.6 

2.9 

1.4 

3.1 

1.4 

through  solutions 

268 

6.9 

2.6 

8.7 

2.7 

3.6 

1.6 

1.7 

2 

48 

8.2 

2.2 

7.4 

2.1 

2.7 

1.2 

3.0 

1.6 

5  percent  CO2  bubbled 

72 

11.7 

2.7 

10.8 

2.6 

4.8 

1.8 

4.4 

1.9 

through  all  solu- 

96 

11.7 

2.8 

11.3 

2.8 

3.5 

1.8 

4.1 

2.0 

tions 

11.7 

2.8 

11.6 

2.8 

3.4 

1.9 

4.1 

2.0 

3 

24 

2.9 

1.1 

3.7 

1.6 

2.8 

1.1 

2.5 

1.0 

15  percent  CO2  bub- 

72 

5.8 

2.5 

7.0 

3.0 

4.8 

1.4 

5.2 

1.4 

bled  through  all 

96 

7.6 

3.5 

9.0 

4.3 

6.6 

2.9 

5.4 

2.6 

solutions 

148 

10.1 

4.7 

11.6 

4.9 

6.8 

3.1 

7.7 

3.0 

value.  They  were  then  kept  in  an  incubator  at  37°C.  for  several  days  and 
any  ensuing  precipitate  filtered  off  before  using. 

The  saliva  in  the  glucose  experiments  was  obtained  from  an  individual 
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TABLE  3 

Effect  of  bacterial  growth  on  solubility  of  enamel  in  solutions  saturated  with  air  or  with 

5  percent  COt 


CONCENTRATIONS  OF  CALCIUM  AND  PHOSPHORUS, 

EXP. 

NO. 

DURA¬ 

TION 

IN  MG.  PER  100  CC.  OF  SOLUTION 

Solution  1 

Solution  2 

Solution  3 

Solution  4 

REUARKS 

Ca 

P 

Ca 

P 

Ca 

P 

Ca 

p 

hrs. 

1 

2.0 

2.1 

3.1 

2.9 

5  percent  CO2  bubbled  through 

2.1 

03 

2.1 

1.1 

3.1 

1.3 

3.1 

1.3 

all  solutions.  Distilled  H2O 

2.0 

1.0 

2.2 

1.1 

3.4 

1.3 

3.2 

1.2 

used  in  1  and  2;  0.004  M 
MgS04  in  3  and  4 

2 

24 

5.6 

5.2 

4.5 

4.0 

Enamel  residues  from  experi- 

48 

6.3 

3.1 

5.6 

3.2 

5.3 

2.6 

6.2 

2.8 

ment  1  washed,  and  fresh 

72 

8.7 

9.9 

iToB 

solutions  added  using  0.5  per- 

96 

10.8 

4.9 

12.4 

5.8 

5.9 

14.1 

6.5 

cent  glucose  instead  of  dis- 

120 

13.2 

6.2 

16.7 

8.1 

9.6 

tilled  water;  1  drop  of  saliva 
added 

3 

24 

2.0 

1.6 

Fresh  glucose  solution  and  en- 

48 

6.6 

3.7 

3.6 

amel;  2  drops  saliva  to  each. 

72 

10.8 

7.3 

8.4 

8.4 

Air  bubbled  through  solutions 

96 

20.2 

14.2 

13.2 

nn 

1  and  2;  5  percent  CQi 
through  solutions  3  and  4. 
No  MgSOi  in  any 

TABLE  4 

Solubility  of  enamel  in  artificial  saliva  saturated  with  5  percent  CO2 


CONCENTRATIONS  OP  CALCIUM  AND  PHOSPHORUS,  IN  MG.  PER  100  CC.  OF  SOLUTION 


EXP. 

NO. 

DURA¬ 

TION 

Solution  1  1 

Solution  2  1 

Solution  3  1 

Solution  4 

Ca 

p 

pH 

Ca 

P 

pH 

Ca 

P 

pH 

Ca  1 

P 

pH 

hrs. 

1 

0 

1.0 

13.4 

7.3 

1.0 

13.4 

7.3 

3.1 

13.8 

6.9 

13.8 

6.9 

24 

2.0 

1.8 

2.7 

2.1 

48 

2.1 

13.6 

1.9 

13.6 

2.2 

■IKn 

2.0 

■ill] 

72 

1.9 

13.6 

6.9 

1.8 

13.6 

6.9 

2.3 

13.8 

6.8 

2.6 

13.8 

6,9 

2 

1.2 

14.9 

7.2 

1.2 

14.9 

7.2 

3.4 

14.9 

6.8 

3.4 

14.9 

6.4 

24 

1.5 

1.4 

1.2 

1.3 

48 

1.4 

13.3 

1.4 

13.3 

1.5 

13.3 

16 

13.3 

72 

1.2 

14.1 

7.1 

1.2 

13.3 

7.1 

1.3 

13.4 

6.9 

1.2 

13.4 

6  4 

3 

6.6 

14.1 

5.7 

6.6 

14.1 

5.7 

6.6 

14.1 

4.8 

6.6 

14.1 

4.8 

24 

6.6 

6.6 

7.6 

7.5 

48 

7.2 

13.7 

7.3 

7.9 

14.8 

7.7 

14.4 

72 

14.1 

5.7 

5.7 

8.0 

14.4 

5.4 

7.7 

14.5 

5.4 
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practically  immune  to  dental  caries  for  a  number  of  years.  The  same 
amount  of  saliva  was  used  in  all  solutions  in  each  experiment.  Ordinary 
well-washed  laboratory  glass-ware  was  used.  No  special  precaution  was 
taken  to  prevent  contamination  from  air-borne  organisms,  since  the  pur¬ 
pose  of  the  experiment  was  not  to  study  the  effect  of  any  particular  organ¬ 
ism,  but  of  the  collective  action  of  such  organisms  as  were  present  in  the 
subject’s  mouth,  or  to  which  he  was  exposed;  and  which  would  naturally 

TABLE  5 

Solubility  of  enamel  in  artificial  saliva  containing  0.5  percent  glucose  atid  inoculated  with 
saliva.  {Air  was  slowly  bubbled  through  all  solutions  during  each  experiment) 


CONCENTRATIONS  OF  CALCIUM  AND  PHOSPHORUS,  IN  MG.  PER  100  CC.  OF  SOLUTION 


EXP. 

NO. 

DURA¬ 

TION 

Solution  1 

Solution  2 

Solution  3 

Solution  4 

Ca 

P 

pH 

Ca 

P 

pH 

Ca 

P 

pH 

Ca 

P 

pH 

hrs. 

1 

0 

mm 

13.6 

7.3 

1.0 

13.6 

7.3 

3.1 

13.8 

6.9 

3.1 

13.8 

6.9 

1.4 

3.5 

3.2 

5.1 

■EMI] 

6.7 

17.4 

9.8 

18.3 

18.6 

21.8 

13.8 

19.4 

2 

0 

1.2 

14.9 

7.2 

1.2 

14.9 

7.2 

3.4 

14.9 

6.8 

3.4 

14.9 

6.4 

24 

2.7 

2.7 

3.7 

4.4 

48 

5.9 

5.1 

■tow 

■IKH 

72 

11.8 

18.7 

4.8 

17.5 

5.2 

16.1 

20.5 

4.7 

17.1 

20.5 

4.6 

3 

0 

6.6 

14.1 

5.7 

14.1 

5.7 

6.6 

14.1 

4.8 

6.6 

14.1 

4.8 

24 

11.2 

15.2 

15.2 

■OMIl 

15.6 

■IMIl 

15.6 

48 

16.4 

16.4 

14.8 

15.8 

12.9 

15.6 

13.5 

15.7 

4 

0 

3.4 

15.2 

7.3 

3.4 

15.2 

6.5 

3.4 

15.2 

6.3 

3.4 

15.2 

5.7 

24 

2.2 

15.2 

4.1 

16.6 

4.6 

16.6 

5.7 

17.5 

48 

4.5 

15.5 

5.6* 

8.2 

4.6* 

■tlMM 

17.2 

4.4* 

13.7 

19.0 

igiig 

5 

0 

3.4 

15.2 

7.3 

3.4 

15.2 

6.5 

3.4 

15.2 

6.3 

3.4 

15.2 

5.7 

24 

1.0 

13.9 

3.2 

14.9 

4.4 

15.4 

■»gl 

15.9 

48 

1.4 

7.2* 

4.3 

15.1 

4.8* 

17.8 

4.2* 

21.9 

22.3 

*  The  pH  values  were  determined  colorimetrically. 


multiply  in  his  mouth,  if  given  a  suitable  environment.  A  small  amount 
of  chloroform  prevented  bacterial  growth  in  all  experiments  in  which  glu¬ 
cose  was  not  used. 

Method  of  analysis.  Ca  was  precipitated  as  oxalate,  washed,  and  titrated 
with  potassium  permanganate  in  the  usual  manner.  P  was  determined  by 
Fiske  and  Subbarow’s  method  (11).  The  pH  determinations  were  made 
with  quinhy drone  electrodes  unless  otherwise  mentioned.  The  electrode 
vessel  previously  described  (12)  was  used  in  determining  the  pH  of  solutions 
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containing  CO2,  and  the  gas  mixture  was  bubbled  through  the  solutions 
during  pH  measurements. 

Discussion.  It  will  be  seen,  from  the  results  recorded  in  tables  1,  2, 
and  3,  that  magnesium  sulfate  increases  the  solubility  in  water  of 
finely  ground  teeth  and  enamel,  in  the  presence  or  absence  of  CO2. 
The  decrease  in  Ca  and  P  concentrations,  in  solutions  3  and  4  (table  1), 
was  probably  due  to  decreased  acidity  from  the  basic  action  of  the 
teeth.  However,  presence  of  magnesium  sulfate  diminished  the 
amount  thus  precipitated  out;  when  sufficient  magnesium  was  pres¬ 
ent,  actual  solution  of  tooth  substance  took  place  (solution  1,  table  1). 
The  mechanism  of  this  solvent  action  of  magnesium  salts  on  bone  and 
teeth  is  not  understood.  It  may  be  due  to  an  increase  in  the  solubility- 
product  constant  of  Ca  salts  of  bone  and  teeth,  or  to  the  formation  of  a 
soluble,  complex  Ca-Mg  salt.  It  is  probable  that  this  solvent  action 
of  Mg  is  not  an  important  factor  in  dental  caries,  since  only  small 
amounts  of  Mg  are  present  in  saliva. 

The  solvent  action  noted  with  CO2  seems  to  be  due  to  its  acidic 
properties.  Its  effect  is  largely  determined  by  the  initial  Ca  and  P 
concentrations  and  the  pH  of  the  solution.  The  decrease  in  Ca  in 
solutions  3  and  4  (experiments  1  and  2,  table  4),  without  any  appreci¬ 
able  change  in  pH,  may  be  due  (a)  to  supersaturation  in  regard  to 
tricalcium  phosphate,  the  excess  separating  out  from  contact  with  the 
enamel;  or  (b)  to  the  formation  of  a  more  insoluble  compound  than 
tricalcium  phosphate,  the  reaction  being  speeded  up  by  the  presence  of 
enamel.  However,  irrespective  of  the  cause  of  the  decrease,  it  seems 
conclusive  that  no  decalcification  takes  place  at  any  pH  above  6.4, 
if  the  Ca-  and  P-concentrations  are  as  high  as  3  and  14  mg.,  respec¬ 
tively,  even  when  the  solution  is  saturated  with  CO2  at  a  tension  un¬ 
doubtedly  as  great  as  that  of  any  normal  expired  air.  At  a  pH  of  5.7, 
slight  decalcification  takes  place  even  with  an  initial  Ca  concentration 
of  6.6  mg.  per  100  cc.  of  solution. 

It  is  probable  that  only  in  exceptional  cases  are  the  pH,  and  also  the 
Ca-  and  P-concentrations,  of  freshly  secreted  saliva  sufficiently  low 
to  dissolve  enamel.  However,  if  acid-forming  organisms  are  present, 
in  conjunction  with  a  suitable  substrate  for  acid  formation,  decalcifica¬ 
tion  occurs  (tables  3  and  5).  Decrease  in  the  initial  pH-values  of  the 
solutions,  down  to  a  certain  point,  favors  decalcification.  This  in- 
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crease  in  decalcification,  with  increase  in  solution-acidity,  is  especially 
noticeable  in  experiments  4  and  5  {table  5)  and  is  indicated  in  fig.  1. 
Initial  decrease  of  Ca,  and  in  one  case  of  P,  in  the  solutions  of  pH  7.3 
containing  3.4  mg.  of  Ca  per  100  cc.,  might  have  been  due  (a)  to  re¬ 
moval  of  dissolved  CO2  by  aeration,  and  consequent  decrease  in  solu¬ 
bility  of  both  tricalcium  phosphate  and  calcium  carbonate;  or  (b)  to 
formation  of  a  more  insoluble  compound  than  either  of  these  sub¬ 
stances.  The  greater  decalcification  in  solutions  of  pH  5.7  than  in 


Fig.  1.  Decrease  in  initial  pH  value  favors  decalcification  of  enamel;  illustrative  data 
from  records  of  experiments  4  and  5,  table  5. 

Fig.  2.  Curves  showing  pH  of  solutions  of  HjCOj  and  H2PO4,  of  which  varying  per¬ 
centages  are  combined  with  alkali  to  form  BHCO3  and  BHPO4,  respectively. 

those  of  pH  4.8  (experiment  3,  table  5)  appears  to  have  been  due  to 
inhibitory  action  of  the  former  on  the  growth  of  the  acidogenic  or¬ 
ganisms.  Borgs  (13)  has  recently  shown  that  acidogenic  organisms 
from  a  carious  lesion  produced  a  minimum  pH  of  4.0  when  grown  on 
glucose-broth  media;  but  when  transplanted  from  agar  media  of  pH 
7.6  to  glucose-broth  media  of  various  H-ion  concentrations,  no  growth 
nor  acidity  resulted  at  pH  4.7  although  they  occurred  at  higher  pH 
values. 

Increase  in  rate  of  decalcification  with  increase  in  H-ion  concentra- 
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tion  of  solutions,  within  limits,  is  probably  due  primarily  to  reduction 
in  acid-neutralizing  power  of  the  solutions  with  decrease  in  pH  value; 
but  it  is  also  possible  that  slightly  acid  media  favor  growth  of  tb^se 
acidogenic  organisms  and  consequently  increase  rate  of  acid  forma¬ 
tion.  The  main  buffers  of  sahva  are  undoubtedly  phosphates  and 
carbonates.  Their  marked  decrease  in  acid-neutralizing  power,  with 
decrease  in  pH,  can  be  readily  seen  from  Jig.  2,  taken  from  Peters  and 
Van  Slyke’s  book  (14).  For  example  at  pH  7.2,  approximately  72 
percent  of  the  phosphate  and  93  percent  of  the  total  CO2  are  present 
as  the  basic  salt;  at  pH  6  only  13.3  percent  of  the  phosphate  and  44 
percent  of  the  CO2  are  present  as  the  basic  salt.  It  therefore  appears 
evident  that  the  amount  of  acid  which  would  induce  caries  in  an  indi¬ 
vidual  whose  saliva  has  low  acid-neutralizing  action — other  factors 
such  as  salivary  flow,  etc.,  remaining  constant — would  not  cause  caries 
in  an  individual  whose  saliva  has  high  acid-neutralizing  action. 

The  importance  of  readily  fermentable  carbohydrates  in  the  etiology 
of  caries  is  obvious.  It  is  probable  that  carious  lesions  could  be  pro¬ 
duced  in  any  individual  if  a  sufficient  amount  of  glucose  could  be 
continually  maintained  in  the  mouth,  but  it  is  obvious  that  many 
other  factors  besides  fermentable  carbohydrates  are  important.  The 
flow  of  saliva  and  its  pH  and  acid-neutralizing  action,  the  accessibility 
of  various  portions  of  tooth  surface  to  saliva,  as  well  as  conditions 
favoring  food  impaction,  must  be  important  contributing  factors  in 
determining  the  presence  or  absence  of  the  lesion. 

Summary 

(1)  Magnesium  sulfate  increases  the  solubility  in  water  of  finely 
ground  teeth  and  of  enamel,  in  the  presence  or  absence  of  carbon 
dioxide.  It  is  believed  however  that,  owing  to  the  small  amount  of 
Mg  normally  present  in  saliva,  it  cannot  be  considered  an  important 
factor  in  the  etiology  of  dental  caries. 

(2)  Carbon  dioxide,  even  in  low  concentrations,  has  definite  solvent 
action  on  enamel  in  the  absence  of  Ca  ions  and  phosphate  ions  in  the 
original  solution.  This  solvent  action  is  probably  due  to  the  acidic 
properties  of  CO2  when  dissolved  in  water. 

(3)  If  as  much  as  3  mg.  of  Ca  and  14  mg.  of  P  are  present  in  100  cc. 
of  solution,  no  decalcification  is  produced  by  5  percent  of  CO2  at  pH 
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values  of  6.4  and  above;  but  slight  decalcification  is  produced  at  pH 
5.7,  even  with  an  initial  Ca  concentration  of  6.6  mg.  per  100  cc.  of 
solution. 

(4)  If  glucose  and  acidogenic  organisms  are  present  in  the  solutions, 
decalcification  results:  especially  readily  at  an  initial  pH  5.7;  rather 
slowly  at  pH  7.3;  at  intermediate  rates  at  intermediate  pH  values. 
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DOES  PASTEURIZED  MILK  CAUSE  VARIATION  FROM 
NORMAL  IN  THE  CRYSTAL  STRUCTURE  OF  EN¬ 
AMEL  FORMED  DURING  THE  PERIOD  OF 
USE  OF  SUCH  MH.K?i 

P.  C.  KITCHIN,  M.S.,  D.D.S.,  and  R.  D.  McFARLAND,  D.D.S. 

Research  Laboratory,  College  of  Dentistry,  Ohio  State  U niversity,  Columbus,  Ohio 

The  value  of  raw  milk  in  the  diet,  to  prevent  caries  of  enamel  of 
teeth  developed  during  the  period  of  feeding  such  milk,  has  recently 
come  into  prominence  owing  to  observations  by  Sprawson  (1).  Data 
on  groups  of  institutional  children,  covering  years  of  notation,  leads 
him  to  believe  that  raw  milk  confers  a  notable  degree  of  caries  im¬ 
munity  on  enamel  of  teeth  developed  during  a  period  of  feeding  of  raw 
milk.  In  an  attempt  to  explain  the  probable  cause  of  such  immunity, 
Sprawson  states:  “I  have  always  thought  that  the  important  point  is 
not  the  percentage  of  lime  salts  in  the  enamel  so  much  as  their  sta¬ 
bility,  or  the  stability  of  the  compounds  which  they  form  with  the 
organic  matrix.”  It  occurred  to  the  authors  that  such  a  condition 
of  stability  or  lack  of  stability  might  be  apparent  in  the  optical  prop¬ 
erties  of  the  crystal  structure  of  enamel  of  incisors  of  rats  on  diets  of 
raw  milk,  and  of  milk  from  the  same  supply  after  pasteurization. 
Since  incisors  of  white  rats  grow  constantly  they  should  reflect  varia¬ 
tions  in  diet,  provided  such  variations  are  optically  demonstrable  and 
the  diet  is  ingested  over  sufficiently  long  periods  to  result  in  complete 
replacement  of  the  growing  tooth  tissues. 

In  a  previous  article  by  one  of  us  (2),  various  phases  in  the  formation 
of  enamel  of  the  rat  incisor,  as  observed  under  polarized  light,  were 
described.  It  is  believed,  on  the  basis  of  these  observations,  that  (a) 
the  ganoblasts  lay  down  a  complete  organic  matrix  free  from  any 
crystal  deposits;  (b)  that  this  matrix  is  later  impregnated  initially,  in 
the  walls  of  the  organic  rods,  by  crystals  of  a  positive  optical-sign 
which  (c)  then  change  through  an  isotropic  state  into  crystals  of  a 
negative  optical-sign,  (d)  the  entire  organic  matrix,  both  septated 
tubes  and  enclosed  globules,  being  finally  impregnated  by  crystals 

*  Proceedings  of  the  eleventh  general  meeting  of  the  International  Association  for 
Dental  Research:  Journal  of  Dental  Research,  1933,  xiii,  p.  187. 
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of  a  negative  optical-sign,  thus  producing  the  physiological  enamel. 
Since  this  series  of  phenomena  occurs  in  a  quite  uniform  fashion  in 
enamel  of  rats  on  a  normal  diet,  it  was  thought  that  deviations  might 
result  from  dietary  departures  from  normal.  Accordingly  we  placed 
three  groups  of  five  rats  each  on  the  following  diets:  Group  I  (con¬ 
trols). — “Old  Trusty”  dog-biscuit;  ten  drops  of  cod-liver  oil  per  bis¬ 
cuit;  approximately  25  grams  of  raw  carrot  per  w’eek  per  rat;  water. 
Group  II  (raw  milk). — Raw  milk  ad.  lib.;  carrot  as  above;  water. 
Group  III  (paskurized  milk). — Milk  from  the  supplies  used  in  Group 
II,  but  paskurized,  ad.  lib.;  carrots  as  above;  water. 


The  rats  were  approximately  30  days  old  when  taken;  were  not  all 
litter-mates;  and  were  kept  on  the  diets  for  113  days,  with  the  excep¬ 
tions  noted  on  the  weight  graphs  (fig.  1).  'i'he  growth  of  each  animal 
was  checked  by  periodic  weighings  (fig.  1).  That  pasteurization  of 
the  milk  affected  its  nutritive  value  is  apparent  from  the  individual 
growth-curves.  'I'he  raw  milk  diet  approached  the  control  diet  as  a 
growth  promoter.  'I'he  pasteurized  milk  caused  a  levelling  off  of  the 
growth  curve,  after  a  short  period  of  normal  gain  that  was  probably 
due  to  reserves  initially  present  in  the  tissues.  These  growth  figures 
confirm  those  obtained  by  Scott  and  Erf  (3)  in  much  larger  groups  of 
animals  than  ours.  Since  all  groups  received  a  quite  liberal  supply  of 
carrots,  and  xerophthalmia  did  not  occur  in  any  of  the  animals,  the 
growth  deficiency  could  not  be  attributed  to  any  great  difference  in 
vitamin-A  content  of  the  diets.  Vitamin  C  was  probably  not  a  factor. 
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since  the  albino  rat  seems  able  to  overcome  lack  of  this  vitamin  by  its 
own  biological  processes.  Vitamin  D  is  quite  heat-resistant,  and  we 
know  of  no  evidence  that  the  pasteurization  process  interferes  with  its 
beneficial  effects.  Nevertheless,  pasteurization  seems  to  reduce  the 
nutrient  value  of  milk  for  an  unknown  reason. 

To  determine  whether  this  dietary  deficiency  might  be  apparent  in 
the  optical  properties  of  enamel  produced  during  the  experimental 
period,  sections  of  incisors,  both  upper  and  lower,  were  ground  to 
expose  sagittal  planes  for  examination  in  polarized  light.  Careful 
study  of  enamel  from  all  rats  in  the  three  groups  failed  to  show  any 
consistent  differences  in  optical  properties  between  enamel  developed 


TABLE  1 

Hemoglobin  and  red  blood-cell  conditions  in  rat  groups  I,  II,  and  III 


DATE 

HEMOGLOBIN  (GRAMS 
PER  100  CC.) 

R.B.C. 

ENAMEL  COLOR 

GROUP 

3-1-32 

11.8 

6,980,000 

Dark  orange 

Control 

Same 

Too  low  to  read 

4,270,000 

Colorless 

Pasteurized 

Same 

5.9 

5,500,000 

Colorless 

Raw 

4-25-32 

9.8 

6,100,000 

Dark  orange 

Control 

Same 

4.8 

5,100,000 

Colorless 

Pasteurized 

Same 

3.7 

4,050,000 

Colorless 

Raw 

5-10-32 

10.8 

6,400,000 

Dark  orange 

Control 

Same 

5.2 

5,740,000 

Colorless 

Pasteurized 

Same 

2.9 

3,100,000 

Colorless 

Raw 

during  feeding  of  pasteurized  milk  and  enamel  developed  during 
feeding  of  some  of  the  same  milk  in  a  raw  condition.  Microscopically 
neither  milk-fed  group  showed  consistent  variation  from  the  controls. 

From  the  macroscopic  standpoint  both  milk-fed  groups  showed  a 
variation  from  the  controls.  This  difference  lay  in  the  coloration  of 
the  labial  aspect  of  incisor  enamel,  upper  and  lower.  In  the  controls, 
this  area  had  a  dark -orange  appearance,  but  in  both  milk-fed  groups 
the  color  was  practically  absent.  During  a  discussion  with  Dr.  R. 
G.  Agnew,  of  Toronto,  we  learned  that  he  also  has  noted  this  lack  of 
enamel  coloration  in  milk-fed  rats.  While  not  contending  that  proof 
of  the  cause  of  this  phenomenon  is  hereby  presented,  we  include  in 
this  report  a  table  giving  periodic  findings  for  hemoglobin  and  red 
blood-cells.  The  data  show  that  loss  of  enamel  pigmentation  accom¬ 
panied  low  hemoglobin-content  and  low  red  blood-cell  count;  and  that 
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where  these  conditions  were  within  normal  range,  as  in  the  control 
group,  the  usual  enamel  coloration  was  present.  As  a  possible  indica¬ 
tor  of  anemic  conditions  in  experimental  rats,  a  careful  comparison 
between  hemoglobin  content  and  red  cell-count  on  one  hand,  and  the 
shading  of  the  labial  aspect  of  the  incisor  enamel,  might  be  worth 
while.  It  should  be  noted  that  even  the  raw-milk  group  showed  that 
the  milk  (winter  milk  from  the  ordinary  supply  of  the  University 
Dairy)  was  not  from  cow’s  on  a  diet  sufficiently  fortified  to  prevent 
anemia  in  rats  fed  upon  their  milk.  That  such  fortification  of  the 
food  of  cows  favors  production  of  milk  capable  of  preventing  anemia 
in  white  rats  has  been  demonstrated  by  the  work  of  Scott  and  Erf, 
previously  mentioned.  However  these  observers  have  shown  that 
even  such  milk,  pasteurized,  is  not  capable  of  producing  the  growth 
that  it  induces  when  fed  raw. 

The  control  animals  showed  no  anemia.  Since  the  optical  proper¬ 
ties  of  the  control  enamel  varied  in  no  way  from  that  of  the  milk-fed 
groups,  it  seems  permissible  to  conclude  that  anemia,  to  the  degree 
demonstrated  in  the  experimental  rats,  causes  no  variation  in  the 
optical  properties  of  enamel  laid  down  during  the  anemic  conditions. 
At  least  our  technique  of  observation  showed  none. 

Summary  and  conclusions.  1.  Pasteurization  of  milk  lowers  its 
nutrient  value  for  white  rats. 

2.  WTiite  rats,  on  a  milk  diet  and  giving  evidence  of  anemic  condi¬ 
tion,  did  not  exhibit  the  dark-orange  coloration  of  the  incisor  enamel 
that  occurred  in  the  control  animals. 

3.  There  were  no  significant  optical  differences  between  enamel  of 
control  rats  and  of  milk-fed  rats,  nor  between  enamel  of  animals  fed 
pasteurized  milk  and  of  those  on  raw  milk  from  the  same  supply. 
Inability  to  detect  such  differences  does  not  necessarily  mean  that 
there  are  none;  but  the  most  appropriate  available  technique  has 
failed  to  reveal  dissimilarities. 

We  are  indebted  to  Dr.  C.  A.  Doan,  of  the  Department  of  Medical 
and  Surgical  Research,  for  assistance  in  the  blood  determinations. 
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VIII.  Some  Observations  on  the  Incidence  of  Caries-like 
Lesions  in  the  Rat* 
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Harriet  Lane  Home,  Johns  Hopkins  Hospital,  and  the  Department  of  Pediatrics,  Johns 
Hopkins  University,  Baltimore,  Maryland 

INTRODUCTION 

In  spite  of  numerous  investigations  aimed  to  clarify  the  cause  of 
dental  caries,  the  etiology  remains  obscure.  The  theories  advanced  as 
to  the  etiology  of  dental  decay  in  human  beings  range  from  oral  sepsis, 
acidosis,  “anticalcifying  enzymes”  to  avitaminosis.  Many  of  these 
theories  have  no  scientific  basis — they  are  merely  speculative — while 
others  are  based  on  evidence  derived  from  animal  experimentation. 
With  increasing  knowledge  in  the  field  of  nutrition,  especially  as  per¬ 
tains  to  calcium  (Ca)  and  phosphorus  (P)  metabolism  and  to  vitamins, 
numerous  papers  have  appeared  in  support  of  the  thesis  that  dental 
caries  is  caused  by  a  paucity  in  either  Ca  or  P,  or  in  one  or  more 
vitamins.  The  results  of  experiments  in  lower  animals  have  often 
been  applied  in  toto  to  the  problem  of  dental  caries  in  human  beings, 
and  Ca,  vitamins  A,  C  and  D,  and  P  have  had  their  fashions  in 
dental  therapeutics.  The  P-deficiency  theory  has  been  recently 
revived  by  several  investigators  (1,  2,  3).  WTiile  it  is  unquestionably 
true  that  for  ossification  to  proceed  normally  an  abundance  of  P  as 
well  as  Ca  in  the  diet  is  necessary,  and  that  the  P  phase  in  nutrition  is 
frequently  neglected,  as  pointed  out  previously  by  Shohl  and  Bennett 
(4)  and  by  us  (5),  yet  the  experimental  evidence  that  a  P  deficiency 
in  the  diet  is  the  primary  factor  in  the  causation  of  dental  caries  is  not 
conclusive.  We  have  become  aware  of  the  invalidity  of  such  an 
assumption  in  an  analysis  of  our  own  data  on  the  incidence  of  dental 
caries  in  over  one  thousand  rats,  ranging  in  age  from  30  to  1153  days, 

*  Aided  by  a  grant  from  the  Mead  Johnson  Company,  Evansville,  Indiana. 
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and  on  diets  varying  in  Ca,  P,  and  vitamin-D  contents.  If  our 
experiments  had  been  limited  to  the  early  ones,  the  conclusions  drawn 
from  them  might  have  been  in  accord  with  the  P-deficiency  theory. 
But,  as  the  periods  of  observation  were  prolonged  and  the  physical  as 
well  as  chemical  composition  of  the  diets  was  made  more  varied  and 
the  experiments  were  better  controlled,  the  P-deficiency  theory  lost 
validity.  Thus,  the  caries-like  lesions  that  developed  in  rats  on  low-P 
high-Ca  diets  for  about  100  days  were  also  noted  in  rats  on  the  stock 
diet  but  for  longer  periods.  Also,  when  the  coarsely  ground  corn  of  the 
Steenbock  rachitogenic  and  stock  diets  was  replaced  by  either  wheat 
or  casein,  caries  did  not  develop,  in  spite  of  nearly  identical  intakes 
of  Ca  and  P.  Apparently,  aside  from  the  lime-salt  deficiencies  in  the 
diets,  two  other  factors  were  responsible  for  dental  caries  in  our  rats; 
namely,  (a)  age  and  (b)  physical  make-up  of  the  diet.  The  following 
data,  in  the  order  of  development,  indicate  the  steps  leading  to  these 
conclusions. 


MATERIAL 

The  animals  used  for  our  analyses  were  obtained  from  our  own 
breeding  and  experimental  colonies;  also  from  the  rat  colony  of  Dr. 
Charles  E.  Bills  of  the  Research  Laboratories  of  the  Mead  Johnson 
Company .2  From  the  latter  source  only  the  heads  were  obtained; 
and  from  their  examination  much  of  the  data  on  rats  older  than  twelve 
months  was  secured.  The  strain  of  rat,  the  breeding  care,  and  the 
dietary  regime  in  Dr.  Bills’  laboratory  and  in  ours  are  nearly  identical. 
The  stock  and  rachitogenic  diets,  as  well  as  the  vitamin  D  used  in 
both  laboratories,  are  also  of  similar  composition.  A  total  of  1150 
heads  was  examined.  In  our  own  animals,  the  teeth  were  examined  at 
autopsy,  and  the  presence  or  absence  of  macroscopic  molar  caries* 
was  ascertained  by  gross  inspection.  The  preserved  heads  of  the 
animals  from  the  Mead  Johnson  Laboratories  were  similarly  ex¬ 
amined  soon  after  their  arrival.  In  most  instances  the  diagnoses  of 

*  We  are  indebted  to  Dr.  C.  E.  Bills  and  the  Research  Staff  of  Mead  Johnson  Company 
for  their  cooperation. 

*  The  word  “caries”  is  used  in  its  broader  sense,  i.e.,  caries-like  lesions  as  produced  in 
rats  by  dietary  means. 
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macroscopic  caries  were  subsequently  corroborated  histologically.^ 
In  most  of  our  own  rats  analyses  of  blood  serum  for  Ca  and  inorganic 
P,  and  histologic  and  x-ray  examinations  of  other  parts  of  the  skeleton 
were  also  made. 


EXPERIMENTS  AND  RESULTS 

Most  of  the  data  of  our  early  experiments  on  the  incidence  of  dental 
caries  in  rats  was  obtained  from  the  teeth  of  animals  on  either  the 
Steenbock,  high-Ca,  low-P  diet  [^2965  (6)],  or  diets  in  which  the  P 
was  optimal  or  high  and  the  Ca  varied  between  extremely  low  and 
just-minimal  levels.  The  former  diets  were  composed  chiefly  of 
ground  corn  and  gluten;  the  latter  rations  contained  either  ground 
wheat  or  casein  and  starch.  In  these  groups,  gross  dental  caries  was 
absent  in  those  on  the  diets  optimal  or  high  in  P,  but  prevalent  among 
those  on  the  low-P  diet.  The  findings  were  the  more  surprising  since 
the  low-Ca  diets  produced  extremely  hypoplastic  teeth  without  caries, 
and  the  low-P  rations  produced  caries  even  when  vitamin  D,  which 
presumably  prevents  defective  calcification  of  bone,  was  also  added 
to  the  diet.  The  histopathology  of  the  caries-like  lesions  in  the  low-P 
groups  was  described  by  Klein  and  Shelling  (7),  and  the  hypoplasia 
and  the  absence  of  dental  caries  in  the  low-Ca  groups  were  previously 
reported  by  Shelling  and  Asher  (8).  The  findings  mentioned  would, 
at  first  thought,  seem  to  indicate  that  a  low-P  intake  predisposed  to 
dental  caries,  and  that  a  low-Ca  diet,  though  producing  dental 
hypoplasia,  was  not  conducive  to  dental  decay.  However,  as  the 
observations  were  extended  to  rats  on  other  diets,  it  became  apparent 
that  the  P  intake  was  not  the  sole  factor  in  the  predisposition  to  dental 
decay.  Thus,  for  example,  of  the  263  rats  on  the  Steenbock-Bills 
stock  diet  (9)  without  added  vitamin  D,  for  periods  ranging  from  120  to 
1153  days,  141  (60  percent)  had  dental  caries.  Similarly,  in  those 
receiving  this  diet  with  varying  amounts  of  vitamin  D  for  from  30 
to  1026  days,  caries  was  found  in  108  out  of  165  animals.  Of  the 
entire  group  of  401  animals  on  the  stock  diet,  with  or  without  vitamin 
D,  249  (62  percent)  had  caries.  Since  this  diet  is  apparently  adequate 
for  growth,  reproduction,  and  lactation,  and  contains  optimal  amounts 

*  We  are  indebted  to  Dr.  Henry  Klein,  of  the  Department  of  Biochemistry  of  the  School 
of  Hygiene,  for  the  preparation  and  interpretation  of  the  histologic  sections. 
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of  both  Ca  and  P,  the  high  incidence  of  dental  caries  among  the  ani¬ 
mals  that  received  this  ration  could  not  have  been  due  to  paucity  in 
the  P  intake.  The  presence  of  caries  was  the  more  surprising  in  the 
groups  receiving  optimal  or  even  high  doses  of  vitamin  D  in  the  form 
of  cod-liver  oil  or  viosterol,  which  ordinarily  accentuates  lime-salt 
deposition  in  the  skeleton,  and  hence  might  have  been  expected  to 
prevent  dental  decay. 

Several  possibilities  were  considered  as  explanations  of  the  pre¬ 
disposition  to  dental  decay  in  the  groups  receiving  the  rachitogenic 
and  the  stock  rations.  The  main  difference  between  the  diets  that 
gave  rise  to  dental  caries  and  those  that  did  not  was  in  the  ingre¬ 
dients  which  furnished  the  protein.  In  the  latter  diets  most  of  the 
protein  was  in  the  form  of  either  casein  or  wheat,  whereas  the  chief 
source  of  protein  in  the  stock  and  the  Steenbock  rachitogenic  diets 
was  yellow  corn,  which  constituted  60  to  76  percent  of  these  rations. 
This  fact  suggested  that  the  corn  might  be  the  cause  of  dental  caries, 
because  either  (a)  the  oils  in  the  corn  were  toxic  to  dental  tissue,  or 
(b)  the  corn  protein  lacks  some  essential  substance  necessary  for 
dental  ossification,  or  (c)  the  physical  make-up  of  the  diet,  i.e.,  the 
coarseness  or  fineness  of  the  particles,  injured  the  dental  enamel  by 
favoring  impaction,  infection,  and  decay,  as  recently  suggested  by 
Hoppert,  Webber,  and  Caniff  (10).  The  first  possibility  seemed 
unlikely  from  the  fact  that  in  our  experiments  many  of  the  diets  not 
predisposing  to  dental  caries  contained  corn  oil  as  a  vehicle  for  diluting 
viosterol  and  also  from  the  fact  that  the  siftings  from  the  corn,  which 
presumably  retained  their  oil  content,  had  not  produced  caries  in  the 
animals  of  Hoppert,  Webber,  and  Caniff.  The  second  possibility 
also  seemed  unlikely  since,  as  stated  above,  caries  developed  also  in 
more  than  half  the  rats  on  the  stock  diet,  although  it  contained  dry 
milk  and  casein,  in  addition  to  the  corn  protein,  and  insured  normal 
ossification  of  the  skeletal  tissue  other  than  the  teeth.  The  last 
possibility  remained  to  be  tested.  It  would  follow  that  if  the  corn 
particles  of  the  diet,  and  not  the  P  per  se,  were  the  causative  factor  in 
the  production  of  dental  injury  in  rats,  caries  should  be  present  on 
corn  diets  irrespective  of  the  Ca  and  P  intakes,  and  absent  on  low-P 
diets  in  which  the  coarse  particles  of  corn  were  replaced  by  a  softer 
grain  such  as  wheat. 
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In  the  first  experiment  designed  to  elucidate  this  point,  we  used  a 
low-P  optimal-Ca  diet  composed  chiefly  of  ground  whole-wheat, 
gluten,  casein,  starch,  yeast,  fat,  and  a  P-free  salt-mixture  (Diet  75A, 
table  1).  The  P  content  of  the  diet  was  about  0.135,  and  the  Ca 
about  0.660,  gram  percent.  Eight  rats,  fed  this  ration  from  weaning 
until  217  days  of  age,  failed  to  show  dental  caries,  in  spite  of  the 
low-P  intake.  The  experiment  was  extended  to  a  much  larger  series 
and  the  test  diets  were  modified  as  follows:  (a)  to  the  basal 
diet  (75A),  Na2HP04  (anhydrous)  was  added  in  increments  of  0.2 
gram  percent.  In  this  way  a  series  of  six  diets  was  formed  in  which 
the  P  percentage  was  increased  by  0.043  (76A),  0.086  (77A),  0.130 
(78A),  0.218  (79A),  and  0.327  (80A)  gram  percent  above  the  basal 
level  of  about  0.135  gram  percent,  {h)  Two  percent  viosterol  1-D 
was  added  to  the  above  six  diets  forming  series  B,  and  to  another  set 
2  percent  of  cod-liver  oil  was  added,  forming  series  C.  Thus  there 
were  eighteen  diets  in  all — six  without,  and  twelve  with,  vitamin  D 
additions.  The  respective  diets  were  given  to  groups  of  four  animals 
from  the  time  of  weaning  until  they  were  from  217  to  233  days  of  age. 
Those  without  vitamin  D  (series  A)  were  given  to  two  groups  each,  and 
the  viosterol  (series  B)  and  cod-liver  oil  (series  C)  containing  diets 
to  only  one  group  in  each  of  the  respective  series,  the  entire  series 
containing  96  rats.  At  autopsy  none  of  these  animals  showed  evi¬ 
dence  of  dental  decay. 

The  experiment  was  further  modified  by  increasing  the  Ca  content 
of  the  diet  to  about  1.260  grams  percent,  or  approximately  that  con¬ 
tained  in  the  Steenbock  diet  ( ^  2965),  while  the  P  w’as  left  at  the 
former  low  level  of  0.135  gram  percent.  This  diet,  without  the 
vitamin  D  addition,  was  given  to  eight  rats  from  w’eaning  until  they 
were  245  days  old.  The  animals  fared  very  poorly  on  this  ration. 
They  gained  very  little  in  w'eight  and  did  not  reproduce.  But,  in 
spite  of  the  lower  P-content  as  compared  with  that  in  the  Steenbock 
rachitogenic  diet,  and  the  fact  that  it  was  ingested  for  periods  much 
longer  than  that  required  for  caries  to  occur  on  the  Steenbock  ration, 
caries  did  not  develop,  although  the  teeth  appeared  h>'poplastic. 

The  possibility  that  the  Steenbock-Bills  stock  diet,  although  ade¬ 
quate  for  growth,  reproduction,  and  lactation,  may  be  deficient  in  the 
P  necessary  for  the  prevention  of  dental  decay  was  next  investigated. 
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TABLE 

1 

Composition  of  diets 

1.  Stock  diet  (Steenbock-Bills) 

4. 

Steenbock  rachitogenic  diet: 

#2965 

grams 

grams 

Yellow  com  (ground) . 

..  76.0 

Yellow  com  (ground) . 

.  76.0 

Cmde  casein . 

..  5.0 

Gluten . 

.  20.0 

Linseed  oil  meal . 

..  16.0 

NaCl . 

.  1.0 

Alfalfa  meal . 

..  2.0 

CaCO, . 

.  3.0 

NaCl . 

..  0.5 

100.0 

CaCO, . 

..  0.5 

100.0 

Ca  =  1.240,  P  =  0.250,  gram  percent 

3  parts  of  diet  +  1  part  powdered  whole 
milk.  Fresh  vegetables  once  a  week. 

Ca  =  0.515,  P  =  0.450,  gram  percent 


2.  McCollum  stock  diet 

Wheat  (ground) .  20.0 

Com  (ground) .  20.0 

Rolled  oats  (ground) .  20.0 

Flaxseed  meal .  10.0 

Crude  casein .  3.5 

Whole-milk  powder .  25.0 

CaCO, .  0.5 

NaCl .  1.0 

100.0 

Ferric  citrate .  0.1 

CuS04 .  0.02 


Greens  three  times  weekly. 

Ca  =  0.475,  P  =  0.450,  gram  percent 
(approximately) 

3.  Modified  Sherman  stock  diet  (wheat  or 


com) 

Wheat  (ground) .  64.3 

Powdered  whole-milk .  33.3 

NaCl .  2.0 

CaCO, .  0.4 

100.0 

Yellow  corn  (ground) .  63.6 

Powdered  whole-milk .  33.3 

NaCl .  2.0 

CaCO, .  0.4 

Na JIPO,  (anhydrous) .  0.7 

100.0 


5.  Modified  low-Ca,  optimal  P  Diet  ^2965 — 
2.5  gm.  percent  CaCO,  -|-  1.0  gm. 
NajHPO,  (anhydrous) 

Ca  =  0.240,  P  =  0.468,  gram  percent 


6.  McCollum  rachitogenic  diet:  jj<3143 


Wheat  (ground) .  33.0 

Yellow  com  (ground) .  33.0 

Gluten .  15.0 

Gelatin .  15.0 

NaCl .  1.0 

CaCO, .  3.0 

100.0 

Ca  =  1.240,  P  =  0.280,  gram  percent 

7.  Low  P,  wheat-starch  diet:  §  75A 

Wheat  (ground) .  20.0 

Gluten .  10.0 

Casein .  5.0 

Starch .  40.0 

Butter .  8.0 

Lard .  10.0 

Yeast .  2.0 

Salt  mixture  (P-free) .  5.0 

iMTo 


Ca  =  0.662,  P  =  0.135  gram  percent 


Wheat  (ground) .  78.5 

Casein  (purified) .  10.0 

Butter  (washed) .  5.0 

Olive  oil .  4.0 

Salts  (Ca-free) .  2.5 


100.0 


Ca  =  0.500,  P  =  0.500,  gram  percent  Ca  =  0.050,  P  =  0.475,  gram  percent 
9.  Minimal-Ca  diet  (Ca  =  0.450):  diet  lA  -j-  1.0  gm.  percent  of  CaCO, 

10.  High-P  diet  (P  =  1.780):  diet  lA  -|-  6.0  gm.  percent  of  Na2HP04  (anhydrous) 


TABLE  2 

Incidence  of  dental  caries  according  to  age  of  animals  and  to  various  diets  used 
(Figures  in  parentheses  indicate  number  of  animals  in  grou))  above  100-days  old  and  respective  difference 
in  percentage  from  entire  group.  Note  prevalence  of  caries  in  groups  on  com  diets,  and  absence  of  such 
lesions  in  those  on  diets  low  in,  or  devoid  of,  com.) 


NUUBER  OF  KATS 


PER¬ 

CENT 


CARIES 


0 


100 


0 


13.8 


12.5 


0 


0 


50 


48.8 


58.8 

(81.8) 


30.1 

(70) 


65.4 

(76) 


60 


1,150 


Days  0  100  200  300  400  500  600  800  1,200 

•These  heads  were  obtained  through  the  courtesy  of  Dr.  W.  M.  Cox,  Jr.  A  preliminary  report  of  his 
investigation,  “The  nutritive  value  of  pure  fatty  acid  esters,”  appeared  in  J.  Biol.  Chem.,  97:  p.  xxxvii.  1932. 
t  Rachitogenic. 
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For  that  purpose  forty-five  rats  were  placed  on  the  stock  diet  with 
1.0  gram  Xa2HP04  (P  =  0.218)  percent,  from  weaning  until  they 
were  169  to  315  days  old.  But,  in  spite  of  the  increased  P  intake,  22 
of  the  45  animals  in  this  group  (nearly  50  percent)  had  dental  caries. 

In  the  next  experiment,  the  effects  of  an  optimal-P,  low-Ca  corn 
diet  on  the  development  of  dental  caries  were  ascertained,  since  it 
has  been  alleged  by  some  (3)  that  in  contrast  to  low-P  diets,  rations 
low  in  Ca  do  not  predispose  to  dental  decay.  Accordingly,  the  usual 
3.0  grams  of  CaCOs  in  the  Steenbock  rachitogenic  diet  were  reduced 
to  0.5  gram  percent  and,  instead,  1.0  gram  percent  of  Na2HP04 
(anhydrous)  was  added.  The  approximate  Ca  and  P  contents  of 
this  low-Ca,  optimal-P  corn  diet  were  about  0.240  and  0.468  gram 
percent,  respectively.  This  diet,  without  vitamin  D,  was  given  to 
four  rats  and  the  same  diet  with  2  percent  of  cod-liver  oil  to  another 
group  of  four,  from  the  time  of  weaning  until  the  animals  were  238 
days  of  age.  Two  rats  in  each  group  had  extensive  gross  dental  caries 
while  the  other  two  showed  no  gross  changes. 

The  h>"pothesis  that  the  coarse  corn  particles,  and  not  necessarily 
the  paucity  in  Ca  or  in  P  in  the  diet,  were  responsible  for  the  high 
incidence  of  dental  caries,  was  further  tested  by  making  two  stock 
diets  nearly  identical  in  their  Ca  and  P  contents  (Ca,  0.5(X);  P,  0.500) 
but  varied  in  cereal  grains.  In  one,  the  bulk  of  the  diet  was  composed 
of  coarsely  ground  yellow-corn;  the  other,  of  ground  wheat  (modified 
Sherman  stock-diet).  The  diets  were  complete  with  respect  to  their 
mineral  and  vitamin  contents,  excepting  that  no  vitamin  D  was 
added  {table  1).  The  respective  diets  were  given  to  two  groups  of 
rats  of  three  each  from  weaning  until  229  days  old.  An  additional 
group  of  three  rats  was  given  the  wheat  diet,  with  20  grams  of  washed 
beach-sand  to  each  100  grams  of  diet,  with  a  view  to  abrading  and 
injuring  the  enamel  surface  and  thereby  causing  dental  impaction  and 
decay.  This  result,  however,  did  not  occur  and  these  animals,  as 
well  as  those  receiving  the  wheat  diet  without  sand,  remained  free  from 
dental  caries.  In  contrast,  all  those  on  the  corn  diet  had  extensive 
decay  in  their  lower  molars. 

So  far,  the  evidence  pointed  toward  the  idea  that  the  high-corn 
content  of  our  stock  diet  was  a  predispcising  factor  for  molar  caries, 
and  that  diets  devoid  of,  or  low  in,  this  cereal  grain  were  not  conducive 
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to  dental  decay.  Since  the  McCollum  stock-diet  contains  only  20 
percent  of  corn  instead  of  about  60  percent  in  the  Steenbock-Bills 
stock-diet,  61  animals  were  kept  on  the  former  diet,  from  weaning 
until  they  were  360  days  of  age.  Only  eight  animals  (13.1  percent) 
had  caries  as  compared  with  62.0  percent  in  the  Steenbock-Bills 
stock-diet  group,  although  both  diets  contained  approximately  the 
same  amounts  of  Ca  and  P. 

The  experiment  was  extended  to  the  McCollum  high-Ca,  low’-P 
diet  ( ^3143),  which  contains  but  33  percent  of  ground  corn  as  com¬ 
pared  with  76  percent  of  the  Steenbock  diet  (^2965).  Of  the  eight 
animals  on  this  diet  having  moderate  additions  of  vitamin  D,  from 
weaning  for  122-840  days,  only  one  had  dental  caries.  This  result 
was  in  contrast  to  the  high  incidence  in  the  groups  on  the  Steenbock 
diet,  with  and  without  vitamin  additions  for  similar  periods  of  time, 
although  the  Ca  and  P  contents  of  the  two  diets  were  nearly  identical. 
A  similar  low  incidence  of  dental  caries  in  swine  fed  the  McCollum 
diet  ( ^  3143)  for  more  than  a  year  was  previously  noted  by  Klein 
and  associates  (11). 

DISCUSSION 

When  our  data  are  summarized  with  respect  to  diet,  and  the  ab¬ 
sence  and  presence  of  caries  are  tabulated  according  to  the  ages  of  the 
rats  (table  2),  certain  facts  become  evident:  (a)  Irrespective  of  diet, 
caries  does  not  seem  to  be  very  prevalent  before  the  animals  are  100 
days  of  age,  or  have  been  on  the  diets  for  at  least  60-65  days,  (b) 
Caries  is  very  prevalent  on  diets  composed  chiefly  of  ground  corn,  and 
very  infrequent  on  rations  made  of  casein  or  of  cereal  grains  other 
than  yellow  corn,  regardless  of  the  Ca,  P,  and  vitamin  D  intakes, 
(c)  On  diets  conducive  to  caries-like  lesions,  vitamin  D  has  very 
little  preventive  influence,  since  caries  appeared  as  readily  and  as 
frequently  on  the  corn  diets  with  vitamin  D  as  without  it.  With 
respect  to  the  relation  of  age  to  the  incidence  of  dental  caries  in  rats, 
it  is  obvious  that  a  certain  time  has  to  elapse  before  pathologic  changes 
develop.  Hence,  in  comparing  effects  of  other  factors  in  the  experi¬ 
mental  production  of  dental  caries,  the  time  element  should  be  con¬ 
sidered.  The  data  in  regard  to  the  prevalence  of  dental  caries  in  the 
various  dietary  groups  clearly  indicate  that,  aside  from  the  deficiencies 
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in  lime  salts  and  vitamins,  the  physical  character  of  the  diets  deter¬ 
mines  the  absence  or  presence  of  dental  injury  and  decay. 

These  results  are  in  harmony  with  those  of  Hoppert,  Webber,  and 
Caniff  (10),  who  reported  a  high  incidence  of  dental  caries  in  rats  on  a 
stock  diet  containing  60  percent  of  coarsely  ground  corn,  and  the 
absence  of  such  lesions  in  animals  on  a  similar  diet  in  which  the  corn 
was  replaced  by  oatmeal.  Attracted  to  the  possibility  that  the  large 
size  of  the  particles  of  the  corn  in  the  ration  might  be  the  cause  of  the 
caries,  they  substituted  for  the  coarsely  ground  cereal  finely  ground 
corn,  capable  of  passing  through  a  60-mesh  screen.  On  this  modified 
ration  caries  did  not  occur.  Hoppert  explained  the  development  of 
caries  on  the  stock  corn-diet  as  due  to  the  large  size  of  the  corn 
particles  which  became  lodged  in  the  dental  grooves,  usually  in  the 
lower  molars,  and  caused  the  development  of  small  cavities,  which 
encouraged  more  impactions  of  food  and  subsequently  more  extensive 
dental  decay.  Their  results  wdth  the  finely  pulverized  corn  diets 
were  recently  confirmed  by  Klein  and  McCollum  (12).  However, 
the  possibility  that  deficiencies  in  Ca,  P,  or  vitamin  D  might  be  re¬ 
sponsible  for  dental  caries  w'as  not  considered  by  Hoppert  and  his 
collaborators,  and  their  studies  do  not  apply  to  that  phase  of  the 
problem. 

The  effects  of  deficiencies  in  Ca,  P,  and  vitamin  D  on  tooth  struc¬ 
ture  were  recently  investigated  by  Agnew,  Agnew,  and  Tisdall  (3). 
They  first  placed  365  newly  weaned  rats  on  two  adequate  diets  for 
periods  varying  from  two  to  eighteen  months.  The  first  diet  was 
composed  chiefly  of  whole  wheat,  casein,  milk  powder  and  alfalfa;  the 
second,  of  casein  and  starch.  Neither  diet  contained  corn.  On  these 
rations,  not  one  of  the  365  rats  developed  dental  caries.  In  the  next 
experiments,  the  investigators  tried  the  effect  of  a  modified  Steenbock 
rachitogenic  diet  deficient  in  P  and  vitamin  D,  but  adequate  in  Ca,  and 
extremely  rich  in  “finely-ground”  whole  yellow-corn  (77  percent). 
Thirty-six  rats  on  this  diet,  for  periods  varying  from  two  to  seven  and 
one-half  months,  all  developed  dental  caries.  The  addition  of  vita¬ 
mins  A,  Bi,  B2,  C,  and  E  to  the  above  diet  did  not  protect  against 
dental  caries.  In  the  third  experiment,  the  above  diet  was  fortified 
with  1.5  grams  percent  sodium  pyrophosphate,  and  fed  to  eight  rats 
for  periods  of  from  three  and  three-quarter  to  six  months.  None  of 
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the  eight  animals  developed  outspoken  macroscopic  caries,  and  only 
two  show'ed  outspoken  microscopic  caries.  In  the  fourth  experiment 
the  deficiency  in  vitamin  D  of  the  Steenbock,  low-P  diet  was  cor¬ 
rected  through  the  addition  of  2  percent  of  viosterol  1-D.  Thirteen 
of  the  nineteen  test  rats  on  the  diet  for  from  two  and  one-half  to  five 
months  showed  “macroscopic”  or  “microscopic”  caries.  They  then 
repeated  the  experiment  on  fifteen  additional  rats,  keeping  the  ani¬ 
mals  on  the  diet,  however,  for  a  longer  period — from  six  and  one-half 
to  eight  months.  All  fifteen  showed  macroscopic  caries.  Finally, 
they  tested  a  diet  ( ^  8)  which  did  not  contain  ground  com,  but  was 
low  in  P  and  vitamin  D.  This  diet  was  composed  of  cornstarch,  62 
(percent);  casein,  18;  crisco,  yeast,  Osborne  and  Mendel  salt-mixture 
without  P,  and  occasional  additions  of  fresh  spinach  or  dried  alfalfa. 
Ten  rats  on  this  diet,  for  periods  of  five  and  one-half  to  thirteen 
months,  failed  to  exhibit  macroscopic  caries  but  showed  microscopic 
caries  in  one-half  the  cases.  When  vitamin  D  was  added  to  this  diet, 
and  given  to  nine  rats  for  similar  periods,  none  showed  evidence  of 
caries. 

From  these  results,  the  Agnews  and  Tisdall  concluded  that,  in  the 
rat,  an  adequate  supply  of  P  is  an  important  factor  in  the  prevention 
of  dental  caries,  and  that  an  adequate  supply  of  vitamin  D  prevents 
or  delays  the  onset  of  such  lesions.  In  this  animal,  they  thought,  the 
role  of  vitamin  D  was  not  of  such  great  importance  as  P,  although 
they  did  state  that  “it  is  quite  possible,  of  course,  that  the  consistency 
of  the  food  might  also  be  a  factor  in  the  production  of  caries  in  these 
animals,  because  the  corn  diets  impacted  much  more  readily  than  did 
diet  ^8.” 

To  the  reader  the  results  of  the  experiments  of  the  Agnews  and 
Tisdall  afford  a  most  striking  demonstration  of  the  pow'er  of  diets 
largely  composed  of  ground  corn  to  produce  dental  caries  in  the  rat. 
Thus,  of  a  total  of  383  of  their  rats  on  cornless  diets,  “macroscopic” 
caries  did  not  develop  in  a  single  instance,  and  “microscopic”  caries 
occurred  only  in  five  animals  (1.3  percent).  On  the  other  hand, 
among  121  rats  on  the  corn-containing  diets,  counting  all  animals  with 
doubtful  caries  as  in  the  caries-free  group  and  including  all  in  w’hich 
vitamin-D  and  P  deficiencies  in  the  diets  had  been  corrected,  112  rats 
(93  percent)  showed  dental  caries,  i.e.,  only  7  percent  escaped.  In  this 
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respect  their  results  are  in  harmony  with  those  of  Hoppert  and  asso¬ 
ciates,  and  of  our  experiments.  The  efficacy  of  dietary  P  in  prevent¬ 
ing  tooth  decay  cannot  be  evaluated  from  the  experiments  of  the 
Agnews  and  Tisdall,  since  in  their  experiment,  in  which  sodium  pyro¬ 
phosphate  was  added  to  an  otherwise  low-P  ration,  only  eight  animals 
were  used. 

The  results  obtained  experimentally  in  rats  also  do  not  seem  to 
warrant  the  conclusion  that  dental  caries  in  this  species  can  be  pre¬ 
vented  by  an  adequate  intake  of  vitamin  D.  Our  own  data,  and 
those  of  Blackberg  and  Berke  (13),  and  also  the  results  of  the  Agnews 
and  Tisdall  just  cited,  indicate  little  if  any  protective  influence  by 
vitamin  D.  Thus,  of  50  in  our  series,  one  hundred  days  or  older,  on 
the  Steenbock  rachitogenic  diet  without  vitamin  D,  35  (70  percent) 
had  dental  caries;  and  of  66  rats  of  similar  ages  on  the  same  diet  with 
vitamin  D,  54  (81.8  percent)  had  dental  decay.  On  a  similar  diet, 
but  lower  in  Ca,  the  Agnews  observed  dental  caries  in  28  out  of  34 
animals  (82.8  percent) — in  spite  of  liberal  additions  of  vitamin  D  to  the 
ration.  Evidently  this  slight  difference  in  incidence  might  have  been 
due  to  variations  in  the  size  of  the  particles  of  the  ground  corn,  rather 
than  to  the  presence  or  absence  of  vitamin  D,  in  the  food.  The  in¬ 
effectiveness  of  vitamin  D  for  the  prevention  of  caries-like  lesions  in 
rats,  as  induced  by  corn  diets,  is  also  evident  from  the  fact  that 
dental  caries  was  as  prevalent  among  the  rats  on  the  corn  stock-diet, 
with  vitamin  D  additions  as  without  them,  as  may  be  seen  from  table 
2.  That  vitamin  D,  per  se,  does  not  damage  dental  tissue  is  evident 
from  the  fact  that  caries  was  absent  in  our  rats  on  casein  or  wheat 
diets  and  receiving  large  doses  of  viosterol  for  relatively  long  periods 
of  time. 

From  the  facts  just  enumerated — the  occurrence  of  caries-like 
lesions  in  rats  on  corn  diets,  and  their  absence  on  rations  poor  in  this 
grain  regardless  of  the  Ca,  P,  and  vitamin  D  intakes — it  is  evident 
that  results  on  the  production  of  caries-like  lesions  in  rats  cannot  be 
transferred  in  toto  to  the  problem  of  dental  decay  in  human  beings. 
WTiile  it  is  undoubtedly  important  that  the  human  dietary  should  be 
“complete,”  not  only  for  the  preservation  of  the  teeth,  but  also  for  the 
maintenance  of  health  and  the  prevention  of  other  maladies,  it  is 
equally  important  to  abstain  from  basing  conclusions  on  incomplete 
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experimental  evidence.  Such  conclusions  result  only  in  therapeutic 
fads  and  detract  from  an  understanding  of  the  issue  at  hand.  It  is 
only  through  better  controlled  experimentation  on  animals,  and  ob¬ 
servations  on  human  beings,  that  the  problem  of  the  causation  and 
prevention  of  dental  decay  in  man  can  be  clarified.  Studies  of  the 
effects  of  vitamins  and  diets  on  dental  structure  and  caries,  in  growing 
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Fig.  1  Fig.  2 

Fig.  1.  Lack  of  Relationship  Between  Incidence  of  Dental  Caries  and  Levels 
OF  Serum  Ca  and  Inorganic  P  in  Rats 
Shaded  triangles  and  circles  indicate  presence  of  caries;  unshaded  ones,  absence  of 
caries. 

Fig.  2.  Lack  of  Relationship  BETtVEEN  Levels  of  Serum  Inorganic  P  and  Incidence 
of  Dental  Caries  in  Rats  Described  by  Agnew,  Agnew  and  Tisdall  (3) 
Shaded  circles  indicate  presence  of  caries;  unshaded  ones,  absence  of  caries 

children,  are  now  in  progress  in  many  clinics.  The  systematic 
administration  of  vitamin  D  for  the  prevention  of  rickets,  now  prac¬ 
tised  in  most  populated  communities  in  the  United  States,  offers  an 
excellent  opportunity  for  study  of  effects  of  vitamin  D  on  dentition. 
Indeed,  results  of  studies  in  this  direction  have  been  recently  re¬ 
ported  by  Eliot  and  her  associates  (14)  in  New  Haven,  and  similar 
programs  have  been  initiated  by  Hess,  and  by  Schoenthal  and  Brodsky 
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in  New  York,  and  by  us  in  Baltimore  in  connection  with  our  clinic  for 
the  study  of  rickets. 

We  do  not  wish  our  results  to  be  interpreted  as  minimizing  the 
value  of  adequate  intakes  of  Ca,  P,  and  vitamin  D  in  the  prevention 
of  tooth  decay  in  human  beings,  since  their  place  in  the  diet  is  now 
well  established.  We  do,  however,  desire  to  call  attention  to  the  fact 
that  the  caries-like  lesions  produced  in  rats  by  corn  diets  probably 
have  no  counterpart  in  the  genesis  of  dental  caries  in  man,  as  already 
pointed  out  by  Rosebury  (15);  and  for  this  reason,  the  efficacy  of  diet 
and  of  vitamins  in  the  prevention  of  caries  in  human  beings  cannot  be 
ascertained  from  such  experimental  observations.  That  the  Ca,  P, 
and  vitamin  D  intakes  play  little,  if  any,  role  in  the  prevention  of 
dental  caries  resulting  from  feeding  corn  diets  to  rats  may  also  be 
surmised,  indirectly,  from  a  study  of  the  concentrations  of  the  serum 
Ca  and  inorganic  P  in  the  various  experimental  groups.  These  are 
shown  graphically  in  fig.  1.  The  values  for  serum  inorganic  P  are 
especially  interesting  because  they  indicate  that  the  “blood  phosphorus 
critical  level”  of  10.5  ±  0.5  milligrams  percent,  as  suggested  by  Klein 
and  McCollum  (2),  is  too  high  for  apparently  normal  rats,  whether 
caries  happens  to  be  present  or  not;  and  that  the  concentrations  of  the 
inorganic  P  in  the  serum  do  not  seem  to  bear  any  definite  relationship 
to  the  presence  or  absence  of  caries  (Jig.  1),  since  caries  was  present 
in  animals  whose  concentrations  of  inorganic  P  in  the  serum  were 
high  and  absent  in  others  in  which  the  concentrations  were  low.  Also, 
in  our  experiments  no  definite  relationship  seemed  to  exist  between 
the  levels  of  serum  Ca  and  the  incidence  of  dental  caries. 

The  data  for  inorganic  P  reported  by  Agnew,  Agnew  and  Tisdall  (3) 
for  rats  subjected  to  various  diets,  protective  or  conducive  to  tooth 
decay,  are  in  accord  with  our  own  observations.  Their  results, 
arranged  graphically,  are  shown  in  fig.  2.  It  is  seen  that  the  con¬ 
centrations  of  serum  inorganic  P,  even  in  the  animals  which  were 
free  from  dental  caries,  are  below  6.0  milligrams  percent;  and  also  that, 
as  in  our  experiments,  the  presence  or  absence  of  caries  does  not  bear 
any  definite  relationship  to  the  levels  of  inorganic  P  in  the  serum. 
A  similar  lack  of  relationship  between  the  concentrations  of  the  serum 
Ca  and  inorganic  P  to  the  incidence  of  dental  caries  in  pregnant 
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women  was  recently  reported  by  Mull  and  Bill  (16).  It  is  also  interest¬ 
ing  to  note  that  in  the  experiments  of  Hoppert,  and  the  Agnews  and 
'I'isdall,  the  percentages  of  bone  ash,  which  presumably  indicate  the 
degree  of  Ca  and  P  assimilation  and  the  efficacy  of  vitamin  D,  bear 
no  relation  to  the  presence  or  absence  of  caries. 

Xo  definite  conclusion  can  be  drawn  from  our  data  as  to  the  relation 
of  sex  to  the  incidence  of  caries.  Since  the  incidence  of  caries  in  rats 
on  corn  diets  depends  more  on  mechanical  injury  by  hard  particles  of 
food  than  on  defective  calcification,  wffiich  might  result  from  repro¬ 
duction  and  lactation,  it  is  impossible  to  ascertain  whether  the  pres¬ 
ence  or  absence  of  caries  is  due  to  a  definite  sex  factor  or  merely  to 
chance.  From  our  meager  data,  it  would  seem  that  there  is  very  little 
difference  in  the  incidence  of  caries  in  the  two  sexes.  Thus,  of  602 
rats,  more  than  one  hundred  days  old,  on  diets  predisposing  to  tooth 
decay,  65.4  percent  of  the  females  (212  out  of  324)  and  59.7  percent 
of  the  males  (166  out  of  278)  had  dental  caries. 

SUMMARY 

An  analysis  of  the  incidence  of  caries-like  lesions  in  1150  rats,  on 
diets  of  various  compositions  for  a  period  of  130  to  1153  days,  revealed 
that 

(1)  Caries  is  infrequent  in  rats  below  the  age  of  one  hundred  days, 
irrespective  of  the  diet. 

(2)  The  incidence  of  caries  is  high  in  rats  on  diets  containing  a  large 
percentage  of  coarsely  ground  corn,  and  absent  on  diets  composed  of 
casein  and  starch,  or  of  grains  the  particles  of  which  are  finer  and 
softer  than  corn. 

(3)  In  the  rat  there  is  no  correlation  between  the  C'a  and  P  intakes, 
the  concentrations  of  Ca  and  inorganic  I*  of  the  serum,  and  caries- 
immunity  and  caries-susceptibility. 

(4)  Since  the  caries-like  lesions  in  the  rat  were  probably  due  to 
physical  injury  by  corn  particles  in  the  diet,  the  efficacy  of  vitamin  1) 
in  jireventing  tooth  decay  cannot  be  evaluated  from  such  experiments. 

(5)  Results  on  the  exjierimental  production  by  this  means  of  caries¬ 
like  lesions  in  rats  are  not  necessarily  ajiplicable  to  the  etiology  of 
dental  caries  in  human  beings. 
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STUDIES,  IN  THE  RAT,  OF  SUSCEPTIBILITY  TO  DENTAL 

CARIES 

III.  The  Experimental  Production  of  Typical  Dental  Fissure- 
caries  AND  Other  Lesions  in  Rats,  and  Preliminary  Studies 
OF  Their  Etiology^ 

THEODOR  ROSEBURY,  D.D.S.,  MAXWELL  KARSHAX,  M.A.,  Ph.D.,  and 
GENEVIEVE  FOLEV,  M.A. 

Departments  of  Bacteriology  and  of  Biological  Chemistry,  College  of  Physicians  and  Surgeons, 
and  School  of  Dental  and  Oral  Surgery,  Columbia  University,  Neu'  York  City 

It  has  been  noted  elsewhere  (7)  that  the  report  of  Shibata  (10)  on 
experimental  dental  caries  in  rats  differs  in  important  details  from  those 
of  other  workers.  Shibata  described  lesions  beginning  in  the  molar 
fissures  of  young  rats.  Lesions  indicated  by  other  workers  have  been 
clearly  recognizable  as  destructive  processes  that  occur  for  the  most 
part  in  older  animals  at  the  molar-cusp  summits  (where  dentin  is 
normally  exposed  in  the  rat)^  or  they  have  been  inadequately  described. 
Shibata’s  description  appears  to  correspond  more  closely  to  dental 
caries  in  man  than  cusp  lesions  in  a  region  that  has  no  true  analogue 
in  human  teeth.  In  view  of  our  pre\nous  unsuccessful  attempts  to 
produce  dental  caries  in  rats  (8,  9),  it  appeared  advisable  to  repeat 
Shibata’s  work  in  an  effort  to  determine  whether  the  rat  is  susceptible 
to  a  type  of  dental  caries  comparable  to  that  of  man.  The  successful 
accomplishment  of  this  objective  has  opened  a  promising  new'  held 
for  investigation  into  the  etiology  of  the  lesion.  Our  preliminary 
findings  in  this  held  are  presented  herewith. 


^  Received  for  publication:  February  16,  1933.  Conducted  with  the  aid  of  a  grant 
from  the  Commonwealth  Fund  for  research  in  dental  caries.  A  preliminary  report  ap- 
l)eared  in  the  Journal  of  Dental  Research,  12:  464,  1932.  Presented  at  the  meeting  of  the 
.\merican  College  of  Dentists  in  afliliation  with  Section  N,  American  Association  for  the 
.\dvancement  of  Science,  Atlantic  City,  N.  J.,  Dec.  30,  1932;  Journal  of  Dental  Research, 
13:  143, 1933. 

*See  fig.  1. 
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EXPERIMENTAL 

Shibata  states  that  he  reared  young  rats  on  a  diet  consisting  of  “whole” 
rice  and  greens,  plus  5-10  percent  of  various  carbohydrates,  of  which  dextrin 
and  maltose  were  most  effective  in  producing  caries.  The  lesion,  he  states, 
developed  in  the  molar  fissures  in  about  twenty  days,  and  destroyed  the 
crown  in  a  week.  Our  first  experiment  was  an  attempt  to  repeat  this 
finding.  The  animals  were  the  Long-Evans  strain  of  hooded  rats,  originally 
given  to  us  in  March,  1930,  by  Prof.  P.  E.  Smith  of  the  Department  of 
Anatomy,  and  since  bred  by  ourselves  on  a  modified  McCollum  stock-ration 
(9).  Full  litters  were  distributed  among  the  e.xperimental  groups  in  all 
cases  at  weaning,  twenty-two  days  after  birth.  All  animals  were  weighed 
every  five  days.  Diets,  other  than  spinach,  were  fed  ad  Ub. 

Group  /.  Four  litters,  comprising  22  animals,  were  placed  on  Diet  1 : 
Brown  rice  (“Comet”),  unground,  92  (percent);  white-potato  dextrin,  8; 
fresh  spinach  leaves,  5  grams  per  rat  per  da}-.  In  accordance  with  in¬ 
formation  available  at  this  time  (11;,  the  animals  were  divided  into  two 
groups,  one  of  which  (la  )  received  water  ad  lib',  the  other  (Ib),  no  water  ex¬ 
cepting  that  on  the  spinach  leaves,  which  were  washed  and  drained  before 
feeding.  These  animals  were  killed  in  litter-mate  pairs  at  intervals  of 
about  a  week  after  20  days  on  the  diets.  Unstained  ground  sections  were 
prepared  from  one  side  of  the  mandible  of  each,  and  twelve  or  more  20-30^ 
celloidin  sections,  stained  with  hematoxylin  and  eosin,  from  the  other  side. 
Tx-pical  dental  fissure-caries  and  other  lesions  were  produced  on  both  diets. 
Details  of  this  finding  are  given  below.  The  second  experiment,  initiating 
a  detailed  etiological  study,  was  a  test  of  the  influence  of  rice  particle-size 
and  consistency  on  the  production  of  these  lesions.  The  work  of  Hoppert, 
Webber,  and  Canniff  (5)  has  given  prominence  to  this  matter,  although  at 
this  writing  the  precise  character  of  the  lesions  obtained  by  these  workers 
has  not  been  established. 

Group  II.  Six  litters,  comprising  45  animals,  were  distributed  among  four 
groups  on  the  following  diets,  resjiectively: 

Duh  2  3  4  5 

Percent  I’ercent  Percent  Percent 

Brown  rice . Unground,  90  10-mesh,  90  20-mesh,  90  Cooked,  90 


White-jX)lato  dextrin .  5  5  5  5 

Maltose .  5  5  5  5 


Fresh  spinach  leaves,  3  grams  jter  rat  j)er  day  in  all. 

'I'he  rice  v/as  ground  by  hand  in  a  “Miag”  mill,  the  20-mesh  rice  rejtresenting 
the  finest  product  obtainable  by  this  method.  In  each  case  particles  that 
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did  not  pass  the  sieve  were  reground  until  they  did,  so  that  each  product 
represented  all  of  the  original  rice.  For  Diet  5  a  weighed  quantity  of  rice 
was  added  daily  to  five  times  its  weight  of  water,  and  cooked  in  a  double 
boiler  for  1  hour.  All  of  the  water  was  absorbed  by  the  rice  grains,  and  the 
mixture  was  not  thereafter  washed  or  drained.  Dextrin  and  maltose  were 
added  in  accordance  with  the  dry  weight  of  the  rice.  In  this  way  changes 
in  composition  of  the  diet  other  than  those  produced  by  heating  were 
avoided.  Growth  on  Diet  5  was  slightly  better  than  on  the  others,  and 
the  mortality  was  lower,  apparently  because  more  of  Diet  5  was  ingested. 
Examination  of  the  feces  of  animals  in  Group  II  failed  to  reveal  undigested 
rice  particles  in  any  case,  and  the  iodine  test  for  starch  in  the  feces  was 
negative.  Defective  calcification  of  teeth  and  bone,  and  characteristic 
slight  pulp  changes,  occurred  in  all  the  animals  of  the  group  in  about  equal 
degree,  the  diets  evidently  being  about  equally  deficient. 

The  results  of  these  experiments  indicated  a  relation  between  dental- 
caries  production  and  the  physical  character  of  the  diet.  To  test  this 
finding  more  conclusively,  one  litter  of  nine  animals  was  divided  into  two 
groups  on  the  following  diets: 


1  Diels 

22 

Percent 

23 

Percent 

Brown  rice . 

. 100-mesh,  92 

10-mesh,  92 

VVTite-potato  dextrin . 

.  8 

8 

Fresh  spinach  leaves,  5  grams  per  rat  per  day. 

The  100-mesh®  rice  was  ground  under  our  supervision  through  the  courtesy 
of  S.  B.  Penick  and  Co.'*  from  “Comet”  brown  rice  supplied  by  us.  The 
grinding,  as  before,  was  repeated  until  the  entire  product  had  passed  the 
sieve.  All  of  the  foregoing  diets  are  markedly  deficient.  To  evaluate  the 
importance  of  the  deficiency,  it  was  necessary  to  study  the  effect  of  com- 
])arable  adequate  diets  that  embodied  as  far  as  possible  the  physical  charac¬ 
ter  of  the  caries-producing  ration.  This  was  done  in  the  succeeding  group. 

Group  III.  Twenty-four  members  of  six  litters  were  used  in  this  experi¬ 
ment.  These  animals,  in  two  groups,  were  placed  on  the  following  diets, 
respectively: 


Diets  {eontinued  on  ,wxl  page) 

Brown  rice,  10-mesh . 76  68 

VVTite-potato  dextrin .  -4  8 


’  The  term  “mesh”  is  used  in  this  connection  to  refer  to  a  product  all  particles  of  which 
passed  through  a  sieve  having  the  stated  number  of  openings  (K‘r  linear  inch. 

*  Factory,  Weehawken,  N.  J. 
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Diets  {continued  from  preceding  page)  Percent 

Maltose .  4 

Wheat  gluten . 10 

Osborne- ^Mendel  salt  mixture:  IV .  4 

Cod-liver  oil .  2 

Fresh  spinach  leaves,  3  grams  per  rat  per  day. 


Percent 

8 

10 

4 

9 


Growth  on  these  diets  was  less  than  optimal  at  first,  apparently  because  of 
the  change  from  the  stock  ration  on  which  the  litters  were  bred.  This 
was  evidenced  by  the  following  additional  test:  Three  of  the  lighter  males 
were  removed  from  each  group  after  36  days  and  given  Diets  14  and  15, 
modified,  respectively,  from  Diets  6  and  7,  as  follows: 

jy-  .  14  {from 6)  15  {from?) 

Percent  Percent 


Brown  rice,  10-mesh . 66  68 

White-potato  dextrin .  4  8 

Maltose .  4  8 

Wheat-gluten . 10  10 

Egg  albumin . 10  — ■ 

Osborne-Mendel  salt  mixture:  IV .  4  4 

Cod-liver  oil .  2  2 

Yeast  vitamin :  Harris  powder .  0  0.4  gram  per 

rat  per  day 


Fresh  spinach  leaves,  3  grams  per  rat  per  day  in  both. 

These  additions  improved  growth  slightly,  but  most  of  the  animals  on  diets 
6,  7,  14  and  15  reached  an  optimal  growth-level  within  the  100-day  period, 
as  is  shown  by  table  1,  where  the  values  for  stock-ration  animals  are  those  ob¬ 
tained  in  a  previous  investigation  (9).  These  diets  contained  the  following 
y>ercentages  of  Ca  and  P: 


Diet 

Ca 

P 

Ratio 

6 

0  59 

0  55 

1.1 

7 

0  59 

0.53 

1.1 

14 

0.59 

0  52 

1.1 

15 

0.59 

0.53 

1.1 

The  animals  were  normal  and  healthy  in  appearance,  and  their  dental  and 
osseous  tissue-structure  could  not  be  distinguished  from  that  produced  on 
the  stock  ration,  which  we  previously  accepted  as  our  normal  standard. 

Group  IV.  The  data  reported  for  this  group  are  part  of  a  long-time  ex¬ 
periment  still  under  way  (February  1933),  on  an  adequate  diet,  the  Ca 
level  being  higher  than  in  Group  III.  The  experiment  tested  the  action  of 
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particle  size.  Diet  16  contains  10-mesh  rice;  diet  18,  100-mesh  rice;  their 
composition,  otherwise  identical,  being  (percent):  Brown  rice,  7G;  white- 
potato  dextrin,  8;  wheat-gluten,  10;  egg  albumin,  4;  Osborne-Mendel  salt 
mixture:  IV,  4;  calcium  lactate,  2;  cod-liver  oil,  2;  yeast  vitamin:  Harris 
powder,  0.4  gram  per  rat  per  day;  fresh  spinach  leaves,  3  grams  per  rat 
per  day.  These  diets  contain  0.85  percent  of  Ca  and  0.53  percent  of  P; 
Ca:P  =  1.6. 


TABLE  1 

Average  groicih  of  animals  on  diets  6,  7,  14,  and  15  and  of  stock  ration  animals 

DAYS  FROM  WEANING 


DIET 

OF 

R.\TS 

0 

10 

20 

.10  i 

40 

50 

60 

70  ■ 

80  ! 

<K)  ! 

too 

gms. 

gms. 

gms. 

gms. 

gms. 

gms. 

gms. 

gms. 

gms. 

Stock  ration,  Males . 

2 

29 

52 

92 

124 

144 

154 

185 

195 

212 

216, 

235 

6,  Males . 

4 

40 

50 

71 

80 

105 

124 

146 

166 

185 

207 

— 

7,  Males . 

4 

41 

51 

72 

CO 

102 

118 

150 

177 

197 

222 

235 

14,  Males . 

35 

46 

65 

76* 

99 

126 

157 

191 

207 

215 

240 

15,  Males . 

34 

42 

61 

68* 

95 

118 

148 

180 

202 

216 

250 

Stock  ration,  Females . 

2 

36 

58 

98 

120 

140 

151 

161 

166 

174 

176 

180 

6,  Females . 

i 

33 

48 

70 

84 

105 

125 

140 

153 

160 

175 

183 

7,  Females . 

3 

36 

34 

48 

72 

85 

103 

116 

129 

— 

*  Diets  14  and  15  started  between  30th  and  40th  days. 


RESULTS 


Three  distinct  types  of  dental  lesions  have  been  obtained  in  this  work 
(fig.  1).  One  begins  in  the  enamel  at  the  base  of  the  molar  fissures. 
A  second  results  from  fracture  of  the  cusp,  and  a  third  from  a  process 
of  dissolution  resembling  caries  of  dentin.  The  second  and  third 
begin  in  the  dentin  at  the  cusp  summit.  Of  these  lesions  only  the 
first  appears  comparable  to  human  dental  caries.  Cusp  “caries,”  the 
third  type,  occurred  in  only  a  few  instances;  was  scattered  so  widely 
among  the  groups  as  to  permit  no  correlation  with  experimental 
conditions;  and  accordingly  no  further  mention  of  this  lesion  will  be 
made. 

In  animals  on  the  experimental  diets  for  less  than  about  UK)  days, 
true  caries  was  rarely  recognizable  macroscopically,  since  little  or  no 
gross  cavitation  had  occurred  up  to  this  time,  although  the  process 
might  have  become  sufficiently  deep  to  produce  active  pulpitis. 


Fig.  1 


Fig.  1.  Co.\iPARisoN  of  Lower  Mol.ars  of  Man  axi)  Rat  (Schematic) 

.1,  enamel.  B,  dentin.  C,  pulp.  Note  general  similarity  of  tissue  relationships. 
Three  differences  are  shown:  Dentin  is  exposed  at  summit  of  rat  molar  cusps,  whereas 
enamel  covers  entire  crown  of  human  molars.  Occlusal  fissures  are  relatively  deeper  and 
wider  in  rat  molars  (actually  they  are  similar  in  size  in  the  two  species).  Rat  molars 
approximate  over  a  surface  rather  than  at  a  point,  as  in  human  molars.  This  last  differ¬ 
ence  may  account  for  relative  infrequency  of  interproximal  caries  in  rat. 

Fig.  2.  .Appearance  of  Early  Fissure  Caries,  .1,  and  Cusp  Fracture,  B,  in 
Ground  Section 

Discoloration  at  .1  has  been  accentuated  by  photographing  through  blue  filter.  Note 
pulp  abscess  at  C.  Rat  Xo.  211.  Deficient  diet  (Ib),  40  days.  Ground  section,  mounted 
in  glycerin,  unstained.  X-LS. 


Fig.  .4,  E.arly  Caries  of  Middle  Fissure  of  First  Molar,  .1.  X-ray  Inset  Show's 
Radiolucency  in  Corresponding  Region 


Rat  Xo.  209.  Deficient  diet  (Ib),  ,S4  days,  flround  section,  glycerin,  unstained. 
X2(X). 
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Tig.  4.  Cavity  ix  First  Molar,  Evidently  Resulting  from  Fracture  of  Subdistal 
Cusp.  Pulp  Widely  Exposed  and  Necrotic.  Interproximal  Enamel  Caries 

Shows  at  .1 

Rat  No.  214.  Deficient  diet  (la),  44  days.  Ground  section,  glycerin,  unstained. 

X35. 

Fig.  5.  Diffuse  Penetration  of  Enamel  in  First  Stage  of  Fissure  Caries.  Dentin 

Not  Affected 

Rat  No.  410.  .Adequate  diet  (16),  218  days.  X320. 


Fig.  6  Fig.  7 

Fig.  6.  Penetration  Through  La.mellae  in  First  Stage  of  Fissure  Caries.  Spread 
AT  DeNTINO-ENAMEL  JUNCTION  MAY  Re  BEGINNING  AT  .1.  NoTE  DeNTINOID  AT  B 
Rat  No.  208.  Deficient  diet  (la),  35  days.  X350. 

Fig.  7.  Localized  Spread  at  Dentino-examel  Junction  in  Second  Stage  of  Fissure 
Caries.  Note  Heginning  Infiltration  of  Dentinal  Tubules.  .1 
Rat  No.  316.  .Adequate  diet  (7),  81  days.  X2f)0. 
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Fig.  8.  Extensive  Spread  at  Dextixo-examel  Juxctiox  ix  Secoxd  Stage  of  Fissure 
Caries.  Changes  Characteristic  of  Low  Calcium  Diets  Shown  ix  Dextix 

AND  I’ULP 

Rat  Xo.  213.  Deficient  diet  (Ib),  44  days.  X65. 

Fig.  9.  Localized  Fissure  Caries  ix  Third  Stage,  .1.  Note  Normal  Tissues 

Rat  Xo.  308.  .\dequate  diet  (7),  67  days.  X.SO. 


Fig.  10.  Same  as  Fig.  9.  X2,S0. 

Note  infiltration  of  dentinal  tubules  leading  from  localized  blue-staining  zone,  .1. 
Fig.  11.  Localized  Fissure  Caries  ix  Third  Stage,  .1.  Pulp  Torn  at  B  in 
Sectioning.  Note  Normal  Tissues 
Rat  N*o.  284.  .\dequate  diet  (LS),  9,S  days.  X240. 


h 
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This  does  not  agree  with  the  statement  of  Shibata  (10)  that  caries 
destroys  the  rat  molar  in  a  week.  It  is  likely  that  his  statement  was 
based  on  the  occurrence  of  fracture  lesions  (p.  396).  Since  it  was  fre¬ 
quently  impossible  to  ascertain  the  manner  of  origin  of  gross  lesions, 
it  seemed  essential,  for  the  determination  of  the  incidence  of  fissure 
caries,  to  study  sections  of  decalcified  jaws  from  animals  killed  rela¬ 
tively  early.  Ground  sections  provided  less  definitive  information. 
This  w'as  the  procedure  adopted  throughout  this  work;  after  the  com¬ 
pletion  of  the  first  experiment,  the  preparation  of  ground  sections  was 
largely  abandoned.  Ground  sections  provided  certain  data,  however, 
not  afforded  by  decalcified  material.  Animals  killed  after  33  days 
on  both  diets  showed  yellowish  or  brownish  discoloration  in  the  enamel 
at  the  base  of  some  of  the  molar  fissures  ( jigs.  2,  J).  Radiographs  of 
these  sections  revealed  at  these  points  (Jig.  3)  loss  of  opacity  extend¬ 
ing  into  dentin  in  some  instances,  apparently  indicating  partial  de¬ 
calcification.  These  sections  also  exhibited  fractures,  usually  of  the 
large  subdistal  cusp  of  the  first  molar,  exposing  the  pulp  (Jig.  2).  In 
other  sections  large  cavities  occurred  in  the  same  region,  evidently 
resulting  from  cusp  fracture  (Jig.  4). 

A  description  of  the  two  chief  lesions  under  discussion,  derived  from 
a  study  of  the  decalcified  sections,  follows. 

Fissure  caries.  Four  stages  in  the  progress  of  fissure  caries  may  be 
indicated  respectively,  as  +,  +  +  +,  and  -I--1-  +  +.  1.  (+) 

Penetration  oj  enamel.  The  process  may  penetrate  diffusely  from  the 
food  plug  toward  the  dentin,  producing  discoloration  and  perhaps 
consolidation  (2)  of  enamel  keratin,  and  thus  accentuating  its  visible 
normal  structure  (fig.  5) ;  or  it  may  penetrate  narrowly  through  one  or 
more  enamel  lamellae,  reaching  the  dentin  with  little  apparent  effect 
on  the  surrounding  enamel  matrix  (fig.  6).  The  latter  type  of  pene¬ 
tration  seems  to  depend  only  on  the  presence  of  enamel  lamellae  at 
the  site  of  the  lesion.  Each  type  has  been  observed  on  both  deficient 
and  adequate  diets.  2.  (-|--|-)  Spread  at  the  dentino-enamel  junction. 
The  process,  having  reached  the  junction  of  dentin  and  enamel,  spreads 
along  this  plane  as  a  densely  blue-staining  deposit,  replacing  or  result¬ 
ing  from  normal  dentin  substance.  This  lateral  spread  may  be  local¬ 
ized  (fig.  7)  or  extensive  (fig.  8).  To  some  extent  the  degree  of  spread 
seems  to  depend  on  the  state  of  calcification  of  the  dentin,  a  wider 
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spread  occurring  in  general  on  deficient  than  on  adequate  diets  {figs. 
7-13).  The  nature  of  the  deposit  has  not  been  determined.  In  our 
relatively  thick  sections,  it  appears  homogeneous  in  structure  under 
all  magnifications  up  to  1500  diameters,  but  at  its  free  margin  the 


Fig.  12.  Fissurk  Cakiks,  Thikij  Stage,  with  Pulpitis.  Note  Path  of  Lesion 
Through  Enamel  I.amellae,  .1,  E.xtensive  Blue-staining  Deposit  at  Dentino- 
ENAMEL  Junction,  B,  and  Tubular  Infiltration  in  Dentin,  C.  Plane  of  Section 
Slightly  off  Center  of  Lesion.  Dentinoiu  Shows  at  D. 

Rat  No.  212.  Deficient  diet  (la),  62  days.  X160. 

suggestion  of  a  fine  fibrous  structure  may  appear  under  oil  immersion. 
3.  (  +  +  +)  Penetration  of  dentin.  The  dentinal  tubules  leading 
pulpward  from  the  blue-staining  deposit  become  widened  and  ac¬ 
centuated  by  filling  with  what  seems  to  be  this  same  substance  (Jig. 
12).  Under  higher  magnification  (Jig.  13),  typical  “liquefaction 
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foci”  are  seen.  As  this  tubular  infiltration  approaches  the  pulp, 
pulpitis  appears  in  characteristic  fashion  (fg.  12).  4.  (+  +  +  +) 
Loss  of  surface  continuity  and  formation  of  a  cavity.  This  final  stage 
in  the  process,  definitely  identifiable  as  such,  has  been  seen  relatively 


Fig.  13.  Samf,  as  Figvrk  12.  X430. 

seldom  in  these  preparations  {figs.  14,  15).  When  it  occurs  grossly, 
secondary  fracture  and  loss  of  undermined  cusps  probably  occur,  and 
it  is  accordingly  difficult  to  decide  whether  lesions  such  as  that  shown 
in  fig.  16  resulted  from  fissure  caries  or  from  cusp  fracture.  The 
lesion  in  question  is  classed  in  the  record  as  cusp  fracture. 


Fig.  14.  Fissurk  Caries,  Showing  Heginnixg  oe  Gross  Cavitation 
Exposure  Has  Not  Occurred 
Rat  No.  234.  Deficient  diet  (3),  84  days.  X150. 

Fig.  15.  Fissure  Caries,  Showing  Beginni.ng  of  Gross  Cavitation. 

Tissues  Normal 

Rat  No.  389.  .\dequate  diet  (16),  181  days.  X120. 


Fig.  16 


Fig.  17 


Fig,  16.  Gross  Lesion  of  Second  Molar,  Illustrating  Difficulty  of  Determining 
Manner  of  Origin  of  Large  Cavities 
Rat  No.  217.  Deficient  diet  (la),  122  days.  X18. 

Fig.  17.  Non-Carious  Secont)  Molar  Fissure,  Showing  Defective  Calcification 
OF  Dentin.  Note  Impacted  Food  Plug,  A,  and  Fragment  of  Enamel  Keratin, 
B,  Remaining  after  Decalcification 
Rat  No.  249.  Deficient  diet  (5,  cooked  rice),  102  days.  X35. 
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Fig.  18.  Early  cusp  fracture  lesion  with  pulp  horn  abscess.  Secondary  carious  changes 
not  yet  apparent.  Rat  Xo.  302.  Deficient  diet  (9),  52  days.  X75. 

Fig.  19.  Cavity  in  first  molar,  evidently  originating  by  cusp  fracture,  with  secondary 
caries  of  dentin,  .1,  necrotic  pulp,  B,  and  periapical  abscess,  C.  Rat  Xo.  255.  Deficient 
diet  (3),  62  days.  X30. 


Fig.  20.  Gross  cavity  in  first  molar,  evidently  originating  by  cusp  fracture.  Gingival  caries  on  distal 
wall,  ,4,  probably  developed  by  extension  from  larger  lesion.  Xote  disintegrated  dentin  at  B.  Rat  Xo. 
217.  Deficient  diet  (la),  122  days.  Xv30. 

Fig.  21.  Reproduction  of  photomicrograph  from  Barker  (1)  of  caries  of  human  tooth.  Compare  with 
figs.  12  and  13.  X125  as  reproduced. 
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The  occurrence  of  fissure  caries  seems  to  be  independent  of  the 
calcified  state  of  the  tooth.  On  deficient  diets  the  teeth  having  caries 
also  show  the  characteristic  evidences  of  defective  calcification  (figs. 
6,  S,  12, 13, 14).  Conversely,  it  may  hardly  be  necessary  to  point  out 
that  teeth  may  be  calcified  equally  poorly  without  showing  caries 


TABLE  2 

Incidence  of  fissure  caries  and  fracture  lesions  on  deficient  diets 
Including  only  rats  on  diets  35  days  and  more 
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(fig.  17).  On  adequate  diets,  on  the  other  hand,  the  teeth  appear 
structurally  normal  in  all  respects,  as  would  be  expected  from  the 
character  of  the  diets  (figs.  9,  10,  11,  15). 

Fracture  lesions.  The  primary  change  in  this  case  is  fracture 
through  the  dentin,  sometimes  also  through  the  enamel,  of  the  cusp, 
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generally  producing  exposure  and  consequent  infection  of  the  pulp 
before  other  changes  begin  in  the  dentin  (Jig.  18).  Subsequently  the 
dentin  undergoes  carious  changes  (Jig.  19),  further  destruction  of  the 
tooth  ensues,  and  a  large  cavity  forms  rapidly  (jig.  20).  The  most 


TABLE  3 

Incidence  of  fissure  caries  and  fracture  lesions  on  adequate  diets 
Including  only  rats  on  diets  35  days  and  more 
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common  site  of  these  lesions,  in  the  mandible,  was  the  large  subdistal 
cusp  of  the  first  molar,  which  seems  architecturally  to  bear  the  brunt 
of  masticating  stress.  Such  cavities,  when  fully  developed,  may  be 
seen  to  occupy  a  position  directly  under  what  had  been  the  center 
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of  the  subdistal  cusp;  otherwise,  as  we  have  noted,  they  cannot  be  dis¬ 
tinguished  from  cavities  resulting  from  fissure  caries.  All  such  gross 
lesions  in  this  work  have  been  classed  as  fracture  cavities.  Obviously, 
although  the  progress  of  this  lesion  simulates  true  caries  in  its  second¬ 
ary  stage,  its  manner  of  inception  differs  greatly,  both  from  fissure 
caries  in  rats,  and  from  dental  caries  in  man.  It  also  differs  in  etiology 
from  fissure  caries,  as  will  be  noted  below. 

Incidence  of  the  lesions.  The  incidence  of  fissure  caries  and  fracture 
lesions  on  the  deficient  diets  is  given  in  table  2;  on  the  adequate  diets, 
in  table  3.  Except  for  the  entries  under  “first  fissure-caries”  for  the 
first  three  diets  in  table  2,  these  tables  are  based  on  a  minimum  experi¬ 
mental  period  of  35  days — the  approximate  average  time  for  the  first 
appearance  of  fissure  caries  on  the  deficient  diets.  The  values  for 
fissure  caries  and  fracture  lesions  are  the  numbers  in  a  study  of  three 
molars  per  animal ;  the  percentages  are  given  on  the  same  basis.  It  will 
be  observed  that  all  animals  on  Diets  la,  2,  3,  and  23  (whole  or  10-mesh 
rice,  with  water),  for  35  days  and  more,  had  fissure  caries  in  one  or 
more  teeth,  58  to  71  percent  of  the  teeth  examined  being  affected.  The 
incidence  of  fracture  lesions  among  these  animals  was  also  relatively 
high.  The  incidence  of  fissure  caries  on  Diet  lb  (whole  rice,  water 
restricted)  was  somewhat  reduced.  These  animals  did  not  survive 
beyond  63  days  on  the  diet;  two  of  the  last  survivors,  evidently  suffer¬ 
ing  from  dehydration  and  inanition,  did  not  show  caries.  On  Diet  4 
(20-mesh  rice)  caries  did  not  appear  until  81  days;  the  three  animals 
on  the  diet  from  this  point  on  showed  caries.  On  Diets  5  (cooked  rice) 
and  22  (100-mesh  rice),  how^ever,  neither  caries  nor  fracture  lesions 
occurred — in  the  second  instance  during  an  experimental  period  of 
150  days.  In  view  of  the  result  obtained  on  Diet  4,  we  may  suspect 
that  the  absence  of  caries  on  the  cooked  and  finely  ground  rice-diets 
may  represent  a  retardation  rather  than  a  prevention  of  the  lesion.  It 
appears  clear,  nevertheless,  that  the  physical  character  of  the  rice  in 
these  diets  has  determined  the  incidence  of  both  fissure  caries  and 
fracture  lesions. 

On  the  adequate  diets  {table  3)  the  incidence  values  are  in  general 
lower,  and  -f  and  -|-  +  lesions  predominated ;  w'hereas  on  the  deficient 
diets,  the  lesions  were  generally  more  advanced.  This  again,  how¬ 
ever,  may  be  an  effect  of  retardation  rather  than  of  prevention. 
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Although  on  Diet  6  only  one  animal  developed  caries,  on  Diet  7  all 
but  one  animal  showed  the  lesion  after  53  days,  when  it  first  appeared; 
and  on  Diets  14  and  15  caries  was  absent  from  animals  killed  at  85 
days,  but  occurred  in  each  case  in  the  older  animals.  All  animals  on 
Diet  16,  after  100  days,  had  caries  in  one  or  more  teeth,  and  several 
well-advanced  lesions  were  observed  (Jig.  14).  Diet  18  again  shows 
the  effect  of  100-mesh  rice.  The  one  small  lesion  in  the  latest  of  these 
animals,  killed  at  218  days,  may  be  without  significance;  or  may  indi¬ 
cate  that  caries  occurs  on  this  diet,  if  the  experimental  period  is  suffi¬ 
ciently  prolonged.  Fracture  lesions,  as  the  table  indicates,  were  not 
observed  on  the  adequate  diets;  therefore  they  may  be  distinguished 
sharply  from  fissure  caries  on  this  basis. 

DISCUSSION 

The  type  of  fissure  caries  described  above  seems  to  be  identical  with 
fissure  caries  of  human  teeth.  Each  begins  in  the  same  tissue — 
enamel — in  analogous  locations,  and  presents  the  same  lateral  spread 
at  the  junction  of  dentin  and  enamel,  and  the  same  picture  of  dentinal 
invasion  and  disintegration.  It  is  interesting  to  compare  the  rat 
lesions  directly  with  a  photomicrograph  of  caries  in  a  human  tooth, 
reproduced  herewith  (fig.  21)^.  A  comparison  of  this  picture  with 
figs.  12  and  13,  particularly,  shows  the  striking  similarity  of  the  tw'o 
lesions. 

The  results  of  the  experiments  involving  the  use  of  rice  of  various 
particle-sizes  and  consistencies  confirm  the  findings  of  Hoppert,  Web¬ 
ber,  and  Canniff  (5),  and  indicate  that  the  physical  character  of  the 
diet  is  important  in  the  production  in  rats  of  both  fissure  caries  and 
fracture  lesions.  The  absence  of  fracture  lesions  on  the  adequate 
diets,  as  well  as  on  the  diets  containing  100-mesh  rice  and  cooked  rice, 
suggests  that  these  lesions  result  primarily  from  the  impact  of  dense 
food  particles  on  teeth  weakened  by  rachitic  deficiency — a  mechanism 
clearly  not  comparable  to  dental  caries  in  man.  In  rats  the  action  of 
large  particles  in  producing  fissure  caries  may  be  explained — if  we 
assume  that  dental  caries  arises  by  bacterial  action  on  food  particles 
retained  at  sites  about  the  teeth — by  postulating  a  process  of  forcible 
impaction — wedging — of  such  food  particles  into  favorable  regions. 

*  We  thank  Dr.  R.  Kronfeld  for  permission  to  use  this  picture. 
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Such  forcible  impaction  may  act  (a)  by  perforating  the  enamel  cuticle 
and  bringing  the  food  mass  into  intimate  contact  with  enamel,  and 
thereafter  (b)  by  resisting  the  normal  mechanisms  that  remove  or 
replace  food  masses  less  effectively  impacted.  This,  if  true,  is  a  new 
principle;  and  while  its  application  to  human  caries  is  of  course  un¬ 
certain,  it  may  well  be  deserving  of  consideration  in  this  regard. 

While  this  work  was  in  progress  we  received  from  Prof.  Shibata 
decalcified  sections  of  lesions  produced  in  his  rats,  a  sample  of  the  rice 
he  used,  and  other  information.  The  sections  show  both  fissure  caries 
and  extensive  lesions  of  the  cusp-fracture  type.  Only  slight  indica¬ 
tions  of  pathological  calcification  occur  in  the  dentin,  as  compared  with 
the  more  marked  changes  present  in  our  animals  on  the  deficient  diets. 
Comparative  analyses  of  the  rice  used  by  Shibata — a  crude  product, 
containing  much  extraneous  material,  and  ground  to  about  10  to  15- 
mesh — and  that  by  us,  offer  an  explanation  for  this  difference. 
Shibata’s  rice  contained  380  mg.  of  Ca  and  595  mg.  of  P  per  100  grams. 
The  rice  we  used  contains  13  mg.  of  Ca  and  250  mg.  of  P  per  100 
grams. 

Our  Diets  1  to  5  are  markedly  deficient  in  mineral  salts,  protein, 
and  vitamin  D.  These  deficiencies  were  reflected  in  poor  growth  and 
defective  tissue-structure.  But  fissure  caries  also  occurred  in  animals 
on  the  adequate  diets  in  which  these  deficiencies  were  fuUy  corrected, 
and  w’hich  supported  normal  growth  and  tissue  structure.  Accord¬ 
ingly  the  conclusion  seems  warranted  that  dietary  deficiency  does  not 
play  a  determining  part  in  the  etiology  of  fissure  caries  in  rats,  and 
that  the  occurrence  of  such  lesions  is  not  incompatible  with  normal 
health  and  the  absence  of  appreciable  structural  defect. 

The  reduced  or  delayed  incidence  of  caries  on  adequate  diets,  as 
compared  with  deficient  diets,  on  the  other  hand,  suggests  that  dietary 
deficiency,  although  not  a  determining  factor  in  etiology,  may  increase 
the  rate  of  the  caries  process,  perhaps  by  increasing  the  permeability 
of  the  defectively  calcified  teeth.  Changing  the  deficient  diet  to  make 
it  adequate,  however,  involved  alteration  in  physical  character  as 
w^ell,  if  only  by  “dilution”  of  the  rice  particles,  presumably  the  caries- 
producing  ingredient.  This  might  have  been  a  factor  in  the  retarda¬ 
tion  of  caries  on  adequate  diets.  Other  coincident  agencies,  such  as 
the  presence,  in  the  adequate  diets,  of  effective  protein-buffering  in  the 
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impacted  food  mass,  may  be  involved.  Experiments  are  now  in  course 
to  test  these  possibilities. 

A  more  complete  discussion  of  the  relation  of  these  findings  to 
the  work  of  other  investigators  in  experimental  dental  caries,  and  to 
dental  caries  in  man,  is  deferred  to  a  later  publication.  It  may  suffice 
here  to  point  out,  first,  that  the  clear  distinction  drawn  for  the  first 
time  by  this  work  between  fissure  caries  and  fracture  lesions  may  help 
to  dispel  the  confusion  obtaining  in  the  field  of  experimental  caries. 
Secondly,  these  findings  do  not  seem  to  conflict  with  the  established 
facts  regarding  dental  caries  in  man.  The  findings  relating  to  the 
importance  of  the  physical  character  of  the  diet  agree  with  the  observa¬ 
tions  of  Wallace  (12)  in  principle,  if  not  in  detail.  The  finding  of  re¬ 
tardation  of  caries  on  adequate  diets  may  correspond  with  the  results 
of  Boyd  and  Drain  (3),  Bunting  (4),  McBeath  (6),  and  others  in  child 
feeding  experiments.  Finally,  the  similarity  between  human  dental 
caries  and  the  rat  lesions  described  clearly  warrants  a  working  assump¬ 
tion  of  their  interrelationship. 


SUMMARY 

Typical  dental  caries  of  molar  fissures,  histologically  similar  to 
fissure  caries  in  man,  has  been  produced  in  rats,  establishing  the  sus¬ 
ceptibility  of  these  animals  to  dental  caries.  Four  stages  in  the 
progress  of  these  lesions  have  been  described:  (1)  penetration  of 
enamel,  through  enamel  lamellae  or  diffusely  in  the  absence  of  lamellae; 
(2)  spread  at  the  dentino-enamel  junction;  (3)  penetration  of  dentin 
by  infiltration  of  the  tubules  and  disintegration  of  the  dentin  matrix; 
and  (4)  loss  of  surface  continuity  and  formation  of  a  cavity.  These 
lesions  have  been  distinguished  from  other  destructive  processes  in 
rat  teeth,  one  of  which  seems  to  result  from  the  impact  of  dense  food 
particles  on  teeth  weakened  by  rachitic  deficiency,  producing  fracture 
through  the  cuspal  dentin  primarily,  followed  by  secondary  caries-like 
changes.  The  latter  is  not  comparable  to  dental  caries  in  man. 

Fissure  caries  has  been  produced  on  diets  containing  uncooked-rice 
particles  of  relatively  large  size,  and  prevented  on  comparable  diets 
in  which  the  rice  was  cooked  or  finely  ground.  The  suggestion  is 
offered  that  fissure  caries  may  result  from  the  forcible  impaction  of 
these  large  particles  into  the  molar  fissures. 
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Fissure  caries  has  been  produced  on  diets  deficient  in  protein,  min¬ 
erals,  and  vitamin  D,  and  also  on  diets  in  which  these  deficiencies  were 
fully  corrected,  indicating  that  dietary  deficiency  is  not  a  determining 
factor  in  the  etiology  of  fissure  caries  in  rats.  Caries  occurred  on  the 
adequate  diets  in  animals  that  were  healthy  and  well-grown,  and  in 
teeth  without  appreciable  structural  defect. 

The  incidence  of  fissure  caries  was  delayed  on  adequate  diets, 
however,  as  compared  with  deficient  diets.  This  may  indicate  that 
dietary  deficiency  plays  a  role  in  the  acceleration  of  dental  caries, 
or  it  may  be  otherwise  explainable.  Further  experiments  are  in 
progress. 
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INFLAMMATORY  ZONES  IN  THE  DENTINE^ 

THEO.  B.  BEUST,  D.D.S.,  M.D.,  F.A.C.D. 

School  of  Dentistry,  U niversity  of  Louisville,  Louisville,  Ky. 

Preamble 

A  study  of  reactions  that  occur  within  an  irritated  tissue  should  (a) 
contribute  to  our  knowledge  of  the  agents  inducing  the  reaction,  and 
also  (b)  indicate  Nature’s  methods  of  defense.  Early  workers  in  caries 
research  acted  on  this  premise,  and  certain  well-known  theories  were 
formed  from  examinations  of  diseased  and  modified  dentine.  For 
example,  the  zone  of  dissolution  lent  support  to  the  view  that  the 
agent  might  be  an  acid;  while  the  surrounding  zone  of  translucent 
tissue  was  early  pronounced  a  protective  zone.  This  translucent  zone 
often  exhibited  opacity  between  its  confines  and  the  pulp.  The  nature 
of  these  two  zones  was  given  various  interpretations.  These  differ¬ 
ences  in  opinion  induced  the  writer  to  develop  more  exact  procedures 
for  the  study  of  these  problems.  Instead  of  relying  on  the  limited 
facilities  of  unstained  or  superficially  stained  ground-sections,  methods 
of  intensive  staining  were  applied.  These  were  based  on  the  funda¬ 
mentals  in  the  experiences  of  Caush  (1904)  and  in  the  experiments  in 
staining  from  the  pulpal  ends  of  the  tubules,  i.e.,  the  pulp  cavity,  as 
developed  by  the  writer  in  1912  (1).  The  results  were  presented  in 
a  number  of  publications,  those  relating  directly  to  caries  beginning 
with  my  Denver  presentation  in  July,  1930  (5).  The  described 
methods  permitted  the  presentation  of  definite  views  that  were  essen¬ 
tial  to  an  understanding  of  the  subject.  For  example,  the  experiments 
showed  conclusively  that  the  plug  of  modified  dentine  often  called 
pigmented  {figs.  1  and  2,  letter  C) — interposed  between  a  decayed 
area  and  the  pulp — was  not,  as  contended  by  Fish  and  by  Bodecker,  a 

*  Work  supported  in  part  by  a  grant  from  the  Research  Commission  of  the  .\merican 
Dental  Association.  Proceedings  of  the  Eleventh  General  Meeting  of  the  International 
Association  for  Dental  Research,  Chicago,  Ill.,  March  18, 1933;  Journal  of  Dental  Research, 
1933,  xiii,  p.  186. 
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dead  area  containing  necrosed  or  degenerated  tubules  that  were  segre¬ 
gated  from  the  circulation  solely  by  the  secondary  deposits  laid  down 
T^ithin  the  pulp  cavity.  The  experiments  showed,  instead,  that  “the 
plug”  was  characteristically  modified  chromophobic  dentine,  within 
which  hj’percalcification  of  ground  substance,  attended  by  sclerosis  of 
a  vast  majority  of  its  fibrils,  had  occurred  (study  legends,  1  and  2). 

In  the  above-mentioned  paper,  and  in  several  succeeding  it  (6,  7, 
8,  9),  I  also  submitted  proof  to  combat  conceptions  of  Fish,  who 
objects  to  the  view  that  a  translucent  zone  under  caries  indicates  that 
the  dentine  under  the  floor  of  the  cavity  is  alive  and  reacting  (3,  p. 
992),  but  who  believes  that  tubules  once  affected  at  their  peripheral 
ends  “die  right  down  to  the  pulp”  and  also,  as  he  states,  “  .  .  .  . 
whether  the  lesion  be  attrition,  exposed  dentine  ....  or  early  caries, 
in  every  case  we  see  an  infarct,  a  dead  area  of  dentine  right  down  to 
the  pulp”  (2,  p.  600).  My  experiments  proved  that  reactions  to  an 
irritant  occur  primarily  and  uniformly  within  the  tubule.  Fish  con¬ 
tinued  to  affirm,  however,  in  a  presentation  before  the  Royal  Society 
(4),  that  barrier  formation  is  confined  strictly  to  the  pulp  cavity  by 
secondary  dentine.  I  am  happy  to  see  that  Fish  has  recently  repudi¬ 
ated  (11)  his  former  statements  that  dentinal  fibrils  affected  at  their 
periphery  become  necrosed  clear  down  to  the  pulp,  and  now  agrees 
with  my  published  accounts  of  the  occurrence  of  protective  reaction 
within  the  tubule.  Although  Fish  is  still  mistaken  in  another  impor¬ 
tant  particular,  w'hich  will  be  considered  below,  it  now  appears  that 
disagreement  concerning  the  occurrence  of  vital  changes  within  the 
tubule  has  been  reduced  to  narrow  limits,  for  Bodecker,  who  opposed 
my  view's  and  upheld  those  of  Fish,  has  lately  convinced  himself  inde¬ 
pendently  that  Fish  w’as  in  error  in  assuming  that  formed  dentine  was 
devoid  of  reactive  powers,  and  that  calcific  barriers  occurred  only 
within  the  pulp  cavity  (12). 

Infiammatory  zones 

The  foregoing  remarks  were  introduced  to  draw  attention  to  current 
views  on  the  occurrence  of  vital  changes  within  the  tubules,  as  my 
assumption  of  the  presence  of  inflammatory  zones  within  dentine 
necessarily  ascribes  to  it  powers  of  potential  reactivity.  For  our 
purpose  I  accept  that  part  of  the  conception  of  “inflammatory”  which 
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presumes  a  condition  of  active  defense  by  the  tissue  as  a  reaction  to 
irritation.  I'he  different  zones  already  mentioned  may  collectively 
be  considered  under  response  to  irritation;  but  I  conceive,  under 
“inflammation,”  a  more  active  state  than  the  relatively  inert,  chro¬ 
mophobic,  sclerosed  areas  described  by  me  in  recent  papers.  These 
remarks  have  served  as  an  approach  to  the  discussion  of  a  reaction 
graphically  described  in  an  exhibit  among  the  American  Dental  Asso¬ 
ciation’s  Scientific  Exhibits,  and  presented  as  an  essay  before  the 
Research  Section  of  the  American  Dental  Association,  at  Buffalo  in 
September,  1932  (13;  see  also  10;  laboratory  report).  There  I  dis¬ 
cussed  the  hyperchromophilic  areas  surrounding  the  translucent  zones 
in  advanced  caries.  The  location  of  these  zones  may  be  learned  by 
referring  to  fi^s.  1  and  2.  The  lettering  is  adapted  from  my  Buffalo 
presentation.  The  zones  revealed  by  staining  are  lateral  transparent 
zone,  LT;  lateral  opaque,  LO;  D,  zone  of  dissolution;  and  C,  zone 
representing  the  tissue  between  decay  and  pulp. 

I'he  lateral  opaque  zone  differs  from  the  opaque  sclerosed  dentine 
commonly  seen  in  mature  teeth  (7)  in  that  its  tubules  and  ground 
substance  do  not  possess  the  chromophobic  attributes  e.xhibited  by  the 
latter,  but  are  even  more  chromophilic  than  the  surrounding  unaf¬ 
fected  dentine.  This  peculiarity  signifies  that  its  tubules  are  open 
to  diffusion  of  plasma  from  the  pulpal  circulation.  In  my  earlier  paper 
I  assumed  that  the  LO  zone  is  in  a  state  of  partial  flux,  and  that  it 
marks,  as  the  cavity  enlarges,  the  area  of  metamorphosis  of  the  normal 
dentine  into  the  sclerosed  forms  already  described.  I  have  accord¬ 
ingly  called  it  the  “inflammatory  zone.”  The  tubules  of  the  inflam¬ 
matory  zone  lie  in  sound  dentine  throughout  their  course,  as  I  also 
showed  in  the  earlier  paper,  and  which  is  evident  from  the  photo- 
grajihs  {fig.  I).  According  to  my  observation,  the  inflammatory  zone 
is  always  evident  where  caries  attacks  normal  dentine.  When  caries 
advances  in  dentine  that  is  already  sclerosed,  little  or  no  reaction  is 
present. 

At  Buffalo  I  had  little  time  to  discuss  the  C  zone,  which  is  tlen- 
tine  interjiosed  between  decay  and  pulj).  Eish  and  libdecker,  who 
now  agree  that  calcification  occurs  within  the  tubules,  are  apparently 
unwilling  to  reliiupiish  their  opinion  that  formation  of  a  inilpal  layer 
of  secondary  dentine  covering  necrosed  fibrils  is  the  mode  of  defense. 


llG.  1 


I'lG.  2 


Fig.  ].  Traxsmitted-light  Photograph,  Showing  Protective  Phenomena  within 
Dentine  and  Pulp,  as  Seen  under  Caries 


I),  zone  of  lysis.  C,  central  zone  lying  between  decay  and  pulp.  LT,  lateral  trans¬ 
parent  zone.  LO,  lateral  opaque  zone.  S,  opaque  sclerosis  within  C  zone.  Cl,  pulp 
calcification.  B,  boundary  of  pulp  cavity.  P,  pulp  (details  obliterated  by  stain). 

Fig.  2.  Reflected-light  Photograph  of  Specimen  Shown  in  Jig.  1  as  Seen  Over 

Dark  Background 


Coloring  of  areas  marked  C,  T,  and  C.l  in  fig.  1  is  here  reversed.  (For  interpretation 
see  appended  “References  to  literature.’’  6.  7.) 
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Fig.  3  Fig.  4 


Fig.  3.  Transmitted-light  Photograph  of  .\rea  Marked  7',  and  Part  of  I’l  ep 
Calcification  Seen  in  Jigs.  1  and  2  Marked  C.l 
(),  O,  show  where  sclerosed,  opaque  dentine  is  intermingled  with  transjiarent  dentine, 
Isolated  tubules  are  stain  bearing,  showing  that  communication  exists  between  tissue  and 
pulp.  Pulp  calcification  is  continuous  with  metamor|)hosed  dentine  under  decay. 

Fig.  4.  Transmitted-light  I'hotograph 

M ,  secondarily  modified  primary  dentine  under  floor  of  cavity  containing  tubules  in 
communication  with  those  affected  by  caries.  .V,  normal  ojxm  tubules  (details  obliterated 
by  stain'. 
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Fig.  6 


Fig.  7 


Fig.  6.  'Ik.a-ns-vittfo-light  I'hgt(m;k,\i»h  i*k  .Kdv.anci.ng  C’.\kiks:  Only  Slight 
Ri.sist.yn(  k  1’hi:no.vii  n.\  in  Kvihknci; 


I),  zone  of  lysis.  C,  central  zone,  exhibiting  open  tubules  in  communication  with  pulp. 


Fig.  7.  Tk.lnsmittkd-light  Photogk.apii;  Dkntink  of  'C-zoni.  Shown  in  //g.  f) 

E,  ed};e  of  dentine.  A,  pulpal  surface  of  section,  with  adherent  stain  and  debris. 
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which  until  recently  constituted  Fish’s  main  argument.  I  have  no 
hesitancy  in  pronouncing  as  a  myth  this  variety  of  barrier-formation 
conceived  by  Fish.  Before  my  Denver  publication  (5),  Fish  disputed 
the  common  occurrence  of  the  translucent  zone.  He  now  contends 
(11,  p.  356)  that  in  26  cases  of  occlusal  caries  in  molars  23  e.xhibited 
translucent  zones,  and  then  illogically  assumes  that  caries  in  all  teeth 
anterior  to  the  molars  exhibits  dead  tracts,  isolated  from  the  circula¬ 
tion  by  secondary  dentine.  To  hold  that  protective  changes  occur 
within  the  dentine  in  molars,  but  that  decay  in  teeth  anterior  to  them 
is  attended  by  necrosed  fibrils,  would  be  to  entertain  a  biologic  incon¬ 
gruity.  Fish  still  labors  under  the  delusion  that  prompted  his  original 
statements.  He  has  failed  to  undertake  tests,  suggested  in  my  papers, 
convincingly  proving  that  the  so-called  “dead  tract”  is  a  chromophobic 
sclerosed  tract  of  opaque  dentine,  in  all  respects  comparable,  as  an 
effective  barrier,  to  the  translucent  zone  (figs.  3-9).  Indeed,  opaque 
dentine  is  almost  invariably  so  intimately  intermingled  \\nth  the  trans¬ 
lucent  variety  that  the  one  commonly  merges  into  the  other  by  imper¬ 
ceptible  degrees.  A  covering  of  tubule-ends,  by  a  layer  of  secondary 
dentine,  does  not  occur  until  after  the  fibrils  so  covered  have  undergone 
sclerosis.  This  occurred  in  fig.  1,  the  layer  first  formed  having  been 
built  upon  by  the  pulp.  Secondary  dentine,  therefore,  should  not  be 
regarded  as  a  primary  barrier,  as  has  been  done  by  Fish,  for  it  is  a 
secondary-barrier  formation. 

Fig.  15  in  my  Denver  paper  (5,  p.  1067)  showed  that  the  pulpal  ends 
of  the  tubules  under  caries  may  be  open  and  in  communication  with 
the  pulp,  a  condition  that  Fish  contended  was  inconceivable.  This 
view  he  has  since  corrected  (11),  an  admission  that  removes  the  last 
support  from  his  ideas  of  circulation  within  dentine.  Figs.  3,  4,  5, 
and  6  show  specimens  with  open  tubules  in  the  C  zone.  These  are 
demonstrated  here  so  that  I  will  be  understood  when  I  state  that  a 
dejx)sit  of  secondary  dentine,  on  the  pulpal  walls  under  cavities  of  a 
size  here  pictured,  occurs  only  after  the  dentinal  tubules  under  the 
irritation  have  become  sclerosed  as  indicated  above.  What  I  have 
contended  elsewhere  about  the  presence  of  isolated  open-tubules  in 
otherwise  sclerosed  tissue  (6,  7)  applies  also  to  the  zone  under  caries 
(J(g-  7).  Since  some  open  tubules  are  probably  always  present,  so 
long  as  pulp  remnants  occupy  the  crown,  it  is  inferentially  through 
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these  that  the  pulp  is  stimulated  to  its  protective  activity  in  the  inflam¬ 
matory  zone  as  caries  advances.  This  view  is  supported  by  my  belief 
that  it  is  only  in  rapid  decay,  and  where  resistance  is  low,  that  the 
lateral  transparent  zone  becomes  perforated. 
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SOME  CAUSES  OF  VARIATION  IN  HARDNESS  OF  GOLD- 
COPPER  CASTINGS* 

HARRY  H.  ASHER,  D.D.S.,  and  JOHN’  A.  COMSTOCK,  B.S. 

Di  parlmrnt  of  Chemistry  and  Metallurgy,  College  of  Dentistry,  University  of  Illinois, 

Chicago,  III. 

Study  of  transformations  in  the  gold  and  copper  alloys  reveals  some 
interesting  causes  of  variation  in  the  hardness  of  these  alloys  in  the  cast 
state.  In  the  present  paper  we  discuss  variations  in  hardness  due 
(a)  to  cavity  formation,  such  as  blowholes  and  shrinkage  pipes;  (b) 
to  differences  in  composition  of  these  gold-copper  solid  solutions,  such 
as  coring  and  segregation;  and  (c)  to  precipitation  of  definite  com¬ 
pounds  of  gold  and  copper.  These  studies  have  been  carried  out 
on  castings  made  according  to  specifications  of  the  Bureau  of  Stand¬ 
ards.  These  castings,  excepting  a  commercial  alloy  that  is  used 
extensively  in  our  Dental  Infirmary  but  regarding  the  e.xact  composi¬ 
tion  and  manufacture  of  which  little  is  known,  were  of  gold  and  cop¬ 
per,  alloyed  in  a  special  furnace  under  a  hydrogen  atmosphere.  The 
castings,  and  all  treatments  of  them,  were  conducted  uniformly  to 
reduce  all  variables  to  a  minimum. 

In  all  the  castings,  a  definite  zone  of  softness  was  located  in  the 
region  of  the  sprue.  All  tests  of  the  castings,  made  with  the  Mono- 
tron  Hardness  Tester,  revealed  a  decided  drop  in  hardness  regardless 
of  the  sprueing  technique.  Microscopic  e.xamination  of  these  regions 
showed  that  they  contained  cavities  of  various  sizes.  Fig.  1  shows 
hardness  curves  of  the  commercial  22-K  alloy  where  the  sprues  were 
placed  at  the  ends  of  the  castings.  The  larger  part  of  each  curve  is 
more  or  less  a  straight  path  until  it  reaches  the  vicinity  of  the  sprue, 
and  then  drops  decidedly.  Fig.  Z  shows  the  macrostructure  of  a 
longitudinal  section  of  this  alloy,  and  illustrates  the  porosity  around 
the  sprue.  Fig.  J  shows  a  hardness  curve  of  a  40-percent  atomic  gold- 

*  Presented  at  the  eleventh  general  meeting  of  the  International  .\ssociation  for  Dental 
Research,  ('hicago.  111.,  March  18-P),  193.1:  Journal  of  Dental  Research,  1933,  xiii,  p.  200. 


P'lG.  1.  Graph  Showing  Hardness  Curves  of  Commercial  22-K  Alloy 
A,  average  of  all  curves.  B,  hardness  tests  of  castings  in  cast  state.  C,  same  as  B, 
in  annealed  condition;  castings  heated  at  6(X)°C.  for  four  hours  and  quenched.  D,  same 
as  C,  but  slowly  cooled  at  rate  of  approximately  1°C.  per  minute. 


Fig.  2.  .Macrostructure  of  Longitudinal  Section  of  Com.mercial  22-K  .\lloy.  X8 
Shows  porosity  around  sprue. 


Fig.  4  Fig.  5 

Fig.  4.  Gold-copper  Alloy  (15  percent  of  .\tomic  Gold)  Showing  Xon-vniform 
Distribution  of  Crvst.allites;  35.58  percent  .\u,  64.62  percent  Cu. 

BY  Weight.  Etched  with  .\qu.\  Regi.\.  XI 50 
From  region  at  end  of  casting.  Large  white  areas  are  gold-rich  solid  solutions;  dark 
areas  are  copper-rich  solid  solutions;  black  spots  are  oxides  due  to  high-copper  content. 
Fig.  5.  S.a.\ie  Casting  as  Th.\t  in  Fig.  4.  X150 

From  region  at  center,  showing  equal  amounts  of  gold-rich  and  copper-rich  solid 
solutions. 


Fig.  6.  Same  Casting  as  That  in  Fig.  4.  X150 
From  region  near  sprue;  showing  predominance  of  copper  rich  solid  solution. 
Fig.  7.  Same  .\lloy  as  That  in  Fig.  4;  .\nnealed  dr  Homogenized  at  875°C. 
Shows  complete  diffusion  of  gold-rich  and  copper-rich  solid  solutions. 
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copper  alloy  (67.41  percent  Au,  32.59  percent  Cu,  by  weight)  where 
the  sprue  was  placed  toward  the  center  of  the  casting,  the  area  of 
decreased  hardness  again  sloping  toward  the  point  of  sprucing.  When 
the  sprue  was  placed  in  the  center  instead  of  the  end,  the  porosity  was 
more  diffused  and  involved  more  surface  area.  This  was  further  sub¬ 
stantiated  by  hardness  tests,  this  area  having  been  more  extensive 
(Jig.  3),  a  larger  amount  of  the  curve  being  involved  in  descent.  In 
spite  of  all  technical  precautions,  which  however  have  aided  consider¬ 
ably  in  reducing  this  condition,  castings  always  have  this  area  of 
porosity.  The  causes  of  porosity  are  twofold;  namely,  liberation  of 
gases  as  the  molten  metal  cools,  and  shrinkage  or  contraction  of  the 
metal  on  solidification. 

The  solubility  of  gases  in  liquid  metals  increases  with  rise  in  tem¬ 
perature  in  the  melting  operation.  Dissolved  gases  are  liberated  as 
the  metal  cools  in  the  mould,  some  escaping  from  the  mould  and  some, 
entrapped  in  the  casting,  causing  blowholes.  Crystallization  begins 
at  the  end  of  the  casting  and  at  the  sidewalls.  The  liquid  metal  is 
pressed  by  centrifugal  or  hydrostatic  forces,  or  by  gravity,  between  the 
forming  crystallites,  or  dendrites,  until  the  sprue  crystallizes  and  sup¬ 
ply  of  molten  metal  is  cut  off.  Then,  as  crystallization  proceeds, 
there  is  no  more  free  molten  metal  to  pass  between  the  crystallites, 
and  the  familiar  shrinkage-cavities,  or  piping  adjacent  to  the  sprue, 
results.  Considerable  escaping  gas  is  entrapped  at  this  region. 
Blowholes  such  as  these,  when  located  in  the  interior  of  a  casting,  are 
less  harmful  than  those  near  the  periphery.  The  forces  exerted  upon  a 
restoration  during  mastication  at  the  point  of  contact  with  adjacent 
teeth,  and  upon  occluding  surfaces,  break  the  surface  blowholes,  thus 
pitting  the  surface  and  subjecting  the  latter  to  further  roughening  by 
oxidation  processes.  Food  debris  clings  to  this  area,  forming  a  nidus 
for  bacterial  growth  that  may  subject  the  same  tooth  or  adjacent  teeth 
to  carious  processes — or  may  harbor  the  tenacious  bacteria  of  Vincent 
infection,  thus  making  the  eradication  of  the  disease  more  difficult. 
This  evidence  shows  that  the  point  of  sprueing  should  be  made  upon 
smaller  surfaces  of  castings,  and  upon  parts  that  are  not  to  be  sub¬ 
jected  to  strains  or  stresses.  For  inlays,  instead  of  sprueing  at  the 
contact  point  or  the  marginal  ridges — the  usual  practice — the  sprue 
should  be  placed  upon  cavo-surfaces  or  surfaces  that  can  be  easily 
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cleaned.  In  larger  castings  the  same  principles  should  be  kept  in 
mind.  The  use  of  more  than  one  sprue  doubles  the  area  of  porosity. 
.Additional  sprueing,  if  necessary,  should  be  placed  with  extreme  care. 

The  second  variation  in  hardness  is  one  that  has  not  been  considered 
in  dentistry.  The  alloys  of  all  metals  that  form  solid  solutions,  such 
as  gold  and  copper,  gold  and  silver,  or  gold  and  platinum,  do  not 
solidify  to  a  uniform  chemical  composition.  Tammann  has  pointed 
out  that,  for  the  ordinary  rate  of  cooling,  the  crystallites  of  the  solidi¬ 
fied  alloys  are  not  homogeneous.  In  gold-copper  alloys  containing 
0  to  82  percent  of  gold,  by  weight,  the  center  of  the  crystallites  is 
richer  in  copper  than  the  peripheral  layer;  in  alloys  containing  82  to 
100  percent  of  gold,  this  distribution  is  reversed.  From  the  copper- 
rich  melts,  the  solid  solutions  that  separate  first  are  richer  in  copper 
than  the  melt,  the  remainder  of  the  melt  becoming  higher  in  gold.  .\t 
the  crystallization  of  the  gold-rich  melts,  the  relations  are  reversed,  the 
center  of  the  cored  crystals  consequently  being  richest  in  gold.  Figs. 
4,  5  and  6  show  this  segregation.  Fig.  4  is  from  the  region  at  the  end 
of  the  casting.  Fig.  5  is  the  same  casting,  at  the  center,  showing 
equal  amounts  of  gold-rich  and  copper-rich  solid  solutions.  Fig.  b  is  a 
view  near  the  sprue,  showing  predominance  of  copper-rich  solid  solu¬ 
tion.  The  portions  of  greatest  hardness  were  those  nearer  in  composi¬ 
tion  to  the  50-50  percent  atomic  gold  combination,  at  which  transition 
region  there  is  formed  a  compound  of  cupric-auride  (Cu.\u),  the  hard¬ 
est  formation  in  the  whole  copper-gold  series.  These  masses,  being 
composed  of  more  fusible  portions  of  the  alloy,  rise  into  that  part  of 
the  casting  which  is  last  to  solidify.  Therefore,  into  these  hardness 
curves  we  read  the  second  factor  of  variation — due  to  this  segregation. 
When,  however,  the  alloy  is  annealed  at  a  temperature  close  to  its  melt¬ 
ing  point,  the  crystals  become  homogeneous  and  this  hardness  variable 
disappears.  Fig.  7,  illustrating  the  same  alloy  after  it  was  annealed  or 
homogenized  at  875°C.,  shows  complete  diffusion  of  gold-rich  and 
copper-rich  solid  solutions.  The  hardness  curve  again  indicated  only 
the  variations  due  to  the  first  variable  described  above. 

General  note.  .Alloy  Xo.  9 — 15  percent  gold,  85  percent  copper— was 
selected  for  these  illustrations  not  because  of  its  practicability  as  a  dental 
alloy  but  because  of  its  suitability  to  show  the  important  conditions  of  non¬ 
homogeneity  that  exist  to  a  lesser  extent  in  dental  alloys.  Furthermore, 
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this  alloy,  being  low  in  gold  and  high  in  copper,  is  very  easily  oxidized 
during  melting  in  the  crucible  as  well  as  during  the  casting  operation  itself. 
Therefore,  excessive  oxidation,  as  evidenced  by  the  occluded  oxides  and 
blowholes,  is  not  typical  of  good  dental  practice. 

The  last  variable  to  be  discussed  is  that  of  precipitation-hardening. 
During  the  years  1903  to  191 1 ,  Wilm  became  aware  of  this  phenomenon 
in  his  work  on  the  hardening  and  strengthening  of  duralumin.  In 
1919,  Merica,  then  in  the  Bureau  of  Standards,  explained  this  precipi¬ 
tation  hardness  for  specimens  of  duralumin  from  “Zeppelins”  downed 
by  the  English  during  the  war.  In  1924,  Jeffries  and  Archer  presented 
the  theory  of  the  keying  action  of  the  compound  particles  that  brought 
about  this  formation.  Since  then  this  phenomenon  has  played  an 
important  role  in  the  metallurgy  of  many  alloys.  In  the  gold-copper 
system,  this  precipitation  hardness  is  brought  about  by  cupric  auride 
(CuAu)  as  the  precipitated  compound.  As  stated  above,  this  transi¬ 
tion  takes  place  in  50-50  percent  atomic-gold  alloys.  At  the  optimum 
of  this  precipitation,  this  alloy  demonstrates  a  hardness  of  10.5  kilo¬ 
grams  pressure  for  a  depth  of  1  '2(M)  mm.,  using  a  2.5  mm.  tungsten- 
carbide  penetrator.  Since  under  the  same  conditions  the  hardness 
for  copper  is  1.82  kg.,  and  for  gold  is  1.02  kg.,  an  increase  of  approxi¬ 
mately  tenfold  over  either  of  the  alloying  elements  is  shown.  For  the 
same  alloy,  when  heated  above  the  temperature  of  this  precipitation- 
hardness  formation  (which  is  about  400°C.  at  a  temperature  of  6(K)°C. 
for  four  hours  and  quenched  in  25°C.  water),  the  result  was  6.2  kg. 
However  quickly  the  alloy  may  be  quenched,  some  of  this  transition 
alw'ays  occurs. 

For  the  ordinary  rate  of  cooling,  this  precipitation  hardness  attains 
almost  the  same  degree  of  hardness.  Tests  of  the  gold-copper  system 
reveal  that  in  alloys  containing  from  0  to  35  percent  of  atomic  gold, 
and  in  those  having  from  70  to  100  percent  of  atomic  gold,  precipita¬ 
tion  hardness  is  a  very  small  factor.  Given  the  same  treatment  that 
brings  about  maximum  or  minimum  precipitation-hardness  changes, 
the  differences  are  less  than  0.1  kg.  Since  this  latter  group  includes 
the  ratios  used  in  dentistry,  if  no  other  element  is  used  to  bring  about 
this  formation  this  factor  of  precipitation  hardness  is  negligible,  and 
cannot  be  used  for  gold-copper  dental  alloys. 
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I.  INTRODUCTION 

Recent  work  on  the  relationship  of  B.  acidophilus  to  dental  caries 
has  developed  the  need  for  a  special  method  for  quantitative  deter¬ 
mination  of  B.  acidophilus  in  the  mouth.  This  has  become  especially 
important  for  further  work  along  two  lines;  namely,  use  in  comparative 
studies  of  the  incidence  of  B.  acidophilus  in  caries-susceptible  and 
caries-free  subjects,  and  in  connection  with  attempts  to  reduce,  by 
various  prophylactic  and  dietary  measures,  the  aciduric  flora  of  the 
mouth  in  extreme  cases  of  caries.  Earlier  work  on  these  two 
aspects  of  dental  caries  has  been  carried  out  solely  by  qualitative 
means,  the  only  available  criterion  for  the  presence  of  B.  acidophilus 
in  the  mouth  having  been  its  growth  in  acid  glucose-broth  cultures. 
This  test  is  referred  to  as  qualitative  in  the  sense  that  either  a  few 
organisms  or  several  thousand,  in  the  material  inoculated,  give  the 
same  final  reading.  This  relatively  crude  method  has,  hoivever,  re¬ 
vealed  striking  differences  between  caries-susceptible  and  caries-free 
subjects.  In  cases  of  active  caries,  positive  cultures  of  B.  acidophilus 


*  This  work  was  carried  out  under  a  grant  for  dental-caries  research,  from  the  Children’s 
Fund  of  Michigan;  Dr.  R.  \V.  Bunting,  Director.  Proceedings  of  the  eleventh  general 
meeting  of  the  International  Association  for  Dental  Research:  Journal  of  Dental  Research, 
1933,  xiii,  p.  198. 
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are  almost  invariably  obtained  from  tooth-scrapings  and  from  saliva, 
although  a  majority  of  subjects  continuously  free  from  caries  show 
negative  cultures,  particularly  from  tooth-scrapings  (1).  Our  findings 
have  been  confirmed  by  Thompson  (9),  and  Enright,  Friesell,  and 
Trescher  (2),  but  were  not  verified  by  Tucker  (10).  It  has  been  our 
opinion  that,  in  the  small  number  of  caries-free  cases  from  which  posi¬ 
tive  broth  cultures  have  been  obtained,  determinations  of  the  actual 
number  of  B.  acidophilus  in  the  inocula  would  have  shown  a  striking 
contrast  to  the  number  present  in  the  inocula  from  caries-susceptible 
cases.  If  this  were  true,  it  might  explain  why  some  caries-free  individ¬ 
uals  more  or  less  constantly  give  positive  cultures  of  B.  acidophilus 
and  yet  do  not  develop  caries;  for,  if  only  a  few  of  these  organisms  are 
present  in  the  mouth,  the  fact  indicates  that  conditions  there  are 
not  conducive  to  their  growth,  and  implies  that  caries  will  not  de¬ 
velop  unless  a  sufficient  number  of  organisms  are  present  to  produce 
the  required  amount  of  acid. 

With  regard  to  study  of  the  effect  of  clinical  treatment  on  the  acid- 
uric  flora  of  cases  of  extreme  caries,  it  is  obvious  that  the  qualitati-  e 
broth-method  does  not  reveal  gradual  numerical  decrease  of  these 
organisms.  A  method  of  quantitative  examination  is  essential  for 
studies  of  this  character. 


II.  METHODS 

Rodriguez  (7)  recently  devised  a  medium  by  which,  he  believed,  colonies 
of  B.  acidophilus  could  be  recognized  and  differentiated  from  those  of  other 
mouth  organisms.  The  medium  consists  of  10  percent  horse-serum  agar 
(pH  7.2),  which,  after  inoculation,  is  incubated  anaerobically  in  an  atmos¬ 
phere  containing  10  percent  of  carbon  dioxide.  It  was  stated  that  by  this 
method  B. -acidophilus  colonies  developed  an  opaque  halo,  which  the  organ¬ 
isms  that  produced  less  acid  did  not  exhibit.  In  our  laboratory,  however, 
this  test  has  not  given  dependable  results,  since  colonies  other  than  those 
of  B.  acidophilus  frequently  showed  the  halo.  Many  special  media  have 
been  recommended  for  the  cultivation  of  B.  acidophilus,  from  the  intestines 
or  from  milk.  It  was  considered  possible  that  one  of  these  might  give  the 
differential  results  required  for  studies  on  oral  acidophilus.  The  casein- 
digest  agar  of  Kulp  and  Rettger,  the  vegetable-peptone  agar  of  Bachman 
and  Frost,  and  the  tomato-peptone  agar  of  Kulp,  are  the  better  known. 
Any  of  these  may  be  used  for  the  enumeration  of  B.  acidophilus  in  commer- 
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cial-milk  preparations,  in  which  the  organism  is  present  in  pure  culture. 
We  have  found,  however,  that  none  of  them  permits  a  satisfactory  differen¬ 
tiation  of  oral  B.  acidophilus  from  certain  other  mouth  bacteria  since  several 
cultivable  mouth  species,  particularly  the  streptococci,  grew  as  well  as 
acidophilus  on  these  media. 

Howitt  and  Fleming  (4),  in  their  excellent  quantitative  study  of  mouth 
flora  in  pyorrhea,  made  use  of  anaerobic  glucose  veal-infusion  agar-plates 
(pH  4.8-5.0)  for  the  estimation  of  gram-positive,  aciduric  rods.  Our  at¬ 
tempt  to  use  a  glucose  beef-infusion  agar  (pH  5.0,  to  restrain  the  growth  of 
non-acid-resisting  mouth  bacteria)  resulted  in  the  difficulty  many  have  en¬ 
countered  (although  not  mentioned  by  Howitt  and  Fleming)  when  attempt¬ 
ing  to  employ  agar  media  at  high  alkaline  or  acid  reactions.  Under  these 
conditions  the  jellifying  characteristic  of  agar  is  destroyed,  if  heated  at  high 
temperatures.  However,  if  the  agar  is  acidified  after  sterilization  and 
cooling  (using  aseptic  precautions),  and  plates  poured  at  once,  the  usual 
solidification  takes  place.  This  method  is  obviously  time-consuming  and 
impracticable  for  general  use.  We  found  that  a  medium  containing  4 
percent  of  agar  remains  solid  after  autoclaving,  if  lactic  acid  instead  of  hy¬ 
drochloric  is  employed  for  adjustment.  This  medium  proved  unsatis¬ 
factory,  however,  because  colonies  of  B.  acidophilus  remained  too  small  to 
permit  accurate  counts. 

A.  Culture  medium  employed.  We  found  that  Kulp’s  (6)  tomato-pep- 
tone  agar  could  be  adjusted  to  pH  5.0  without  altering  its  consistency.  The 
only  changes  made  by  us  in  Kulp’s  formula  were  (a)  use  of  2  percent  agar 
instead  of  the  recommended  1.1  percent,  and  (b)  adjustment  of  the  reac¬ 
tion  to  pH  5.0,  instead  of  6.2,  by  addition  of  lactic  acid.  This  medium 
had  the  following  advantages  for  our  purposes:  (a)  The  combination  of 
filtered  tomato  juice,  peptonized  milk,  peptone,  agar,  and  water  brings  the 
initial  reaction  to  about  pH  5.4.  Therefore,  very  little  lactic  acid  (usually 
about  5  cc.  of  normal  acid  per  liter  of  medium)  is  required  to  give  a  final 
reaction  of  pH  5.0.  {b)  Addition  of  2  percent  agar  gives  a  medium  that 

remains  solid  after  autoclaving  at  15-lb.  pressure  for  15  minutes,  (c)  It  is 
very  easily  prepared,  and  gives  a  clear,  yellow  product.  No  addition  of  car¬ 
bohydrate  is  required,  {d)  All  the  colony  phases  of  B.  acidophilus,  in¬ 
cluding  smooth,  intermediate,  and  rough,  grow  well  and  can  be  easily  recog¬ 
nized.  Most  oral  streptococci  are  inhibited;  occasionally  an  aciduric 
strain  grows,  but  its  colonies  can  be  differentiated  from  those  of  B.  acid¬ 
ophilus  by  their  pin-point  size.  A  yeast-like  organism,  frequently  present 
in  the  mouth,  can  tolerate  this  acidity,  but  its  colonies  are  easily  distin¬ 
guished  by  their  greater  size  {figs.  2  and  8).  Colonies  of  M.  tetragenus  and 


Fig.  1.  Undiluted  “caries-free”  saliva  (0.4  cc.)  on  glucose  beef-infusion  agar  (pH  7.0). 
Large  colonies,  yeast;  small  ones,  streptococci,  staphylococci,  and  H.  acidophilus.  Im¬ 
possible  to  count  B.  acidophilus  colonies. 

Fig.  2.  Undiluted  “caries-free”  saliva  (0.4  cc.) — same  sample  as  in  fig.  1 — on  tomato- 
peptone  agar  (pH  5.0).  Large  colonies,  yeast.  Small  colonies,  H.  acidophilus — 25  per 
cc.  of  saliva. 

Fig.  3.  “Caries-susceptible”  saliva  (0.1  cc.  of  1-20  dilution)  on  tomato-peptone  agar 
(pH  5.0).  All  colonies,  B.  acidophilus — 23,(KK)  per  cc.  of  saliva.  Smaller  colonies,  B. 
acidophilus.  Type  I;  larger  ones,  B.  acidophilus.  Type  11  (note  darker  centers). 

Fig.  4.  B.  acidophilus.  Type  I;  organisms  from  Type-I  colony  in  fig.  3. 

Fig.  5.  B.  acidophilus.  Type  II;  organisms  from  Type-II  colony  in  fig.  3. 

Fig.  6.  “Caries-susceptible”  saliva  (0.1  cc.  of  1-20  dilution)  on  tomato-peptone  agar 
(pH  5.0).  Larger,  white  colonies— B.  acidophilus,  Tjtjc  I;  smaller,  gray  ones— B.  acido¬ 
philus,  Type  III. 


418 


Fig.  7.  H.  acidophilus,  Type  HI  ;  organisms  from  Typc-III  colony  in  Jig.  6. 

Fig.  8.  “Caries-susceptible”  saliva  (0.1  cc.  of  1-10  dilution)  on  tomato-jx-ptone  agar 
(pH  5.0).  Shows  yeast  and  H.  acidophilus  colonies. 

Fig.  9.  Undiluted  “caries-free”  saliva  (0.4  cc.)  on  tomato-peptone  agar  (pH  5.0). 
Shows  M.  tetragenus  colonies  only.  Note  irregular  borders. 

Fig.  10.  Patient  F.  K.  S.;  caries-susceptible;  high-carbohydrate  diet.  Saliva  (0.1  cc. 
of  1-100  dilution)  on  tomato-pi-ptone  agar  (pH  5.0);  1,800,(XK)  11.  acidophilus,  and  4,000 
yeast,  colonies  per  cc.  of  saliva. 

Fig.  11.  Patient  E.  R.  S.;  low  carbohydrate  diet  for  12  days.  Saliva  (0.1  cc.  of  1-5 
dilution)  on  tomato-peptone  agar  (pH  5.0);  4,500  H.  acidophilus,  and  4(X)  yeast,  colonies 
per  cc.  of  saliva. 

Fig.  12.  Patient  K.  R.  S.;  low  carbohydrate  diet  for  18  days.  Saliva  (0.1  cc.  of  1-5 
dilution)  on  tomato-peptone  agar  (pH  5.0);  UX)  11.  acidophilus,  and  50  yeast,  colonies  per 
cc.  of  saliva. 
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of  Staphylococcus  albus  occasionally  appear,  and  are  similar  in  size  to  B. 
acidophilus,  but  with  a  little  experience  one  soon  finds  it  possible  to  differ¬ 
entiate  them. 

Figs.  1  and  2  show  the  result  of  spreading  equal  amounts  of  the  same 
sample  of  saliva  on  two  kinds  of  medium;  glucose  beef-infusion  agar  (pH 
7.0)  and  tomato-peptone  agar  (pH  5.0).  The  inhibitory  effect  e.xercised 
on  many  mouth  organisms  by  the  latter  medium  is  well  illustrated.  Only 
B.  acidophilus  and  yeast  colonies  grew  on  the  acid  medium,  whereas  yeast, 
streptococci,  staphylococci,  and  B.  acidophilus  were  present  on  the  neutral 
agar.  Figs.  3~7  show  the  three  most  common  colonial  and  morphological 
t^pes  of  B.  acidophilus,  from  saliva,  growing  on  tomato  agar  (pH  5.0). 
These  were  designated  Types  I,  H,  and  HI  in  an  earlier  publication  (3). 
Types  I  and  II  form  smooth  colonies;  Type  HI  gives  an  intermediate  type. 
The  cell-forms  associated  with  each  colonial  ty})c  are  shown  in  figs.  4,  5, 
and  7. 

B.  Collection  of  sample.  For  the  j)urpose  of  enumerating  B.  acidophilus 
in  mouths  of  caries-susceptible  or  caries-free  patients,  the  following  proce¬ 
dure  is  successful;  The  patient  is  iijstructed  to  chew  a  small  piece  of  paraffin 
vigorously  for  three  minutes,  moving  the  paraffin  alternately  from  side  to 
side  of  the  mouth  to  dislodge  from  the  teeth  as  much  deposit  as  possible. 
During  this  time  the  sample  of  saliva,  collected  in  a  tube  graduated  to  10 
cc.,  usually  varies  in  amount  from  2  to  8  cc.  Its  volume  is  made  up  to  10 
cc.  with  sterile  physiological  salt  solution.  The  organisms  dislodged  by 
three  minutes  of  chewing  are  therefore  always  susi)ended  in  the  same 
amount  of  Iluid,  so  that  the  error  caused  by  the  varying  rate  of  flow  of 
saliva  is  minimized.  The  tube  is  shaken  by  hand  for  30  seconds,  and  is 
then  ready  for  dilution. 

C.  Dilution  of  sample.  To  facilitate  counting,  it  is  necessary  to  adjust 
the  dilutions  of  saliva  to  the  relative  numbers  of  organisms  in  the  mouth  of 
the  caries-suscei)tible  or  the  caries-free  patient.  For  caries-susceptible 
cases:  to  each  of  two  tubes,  containing  respectively  4  cc.  and  19  cc.  of 
sterile  physiological  salt  .solution,  is  added  by  pipette  1  cc.  of  saliva  sample, 
thus  giving  dilutions  of  1-5  and  1-20.  .\fter  these  dilutions  have  been 
thoroughly  shaken,  0.1  cc.  from  each  is  placed  on  the  center  of  a  hardened 
and  well-dried  tomato-agar  (pH  5.0)  plate.  With  a  sterile,  bent  glass-rod, 
the  inoculum  is  si)read  evenly  ov'er  the  surface.  Plates  are  incubated,  in¬ 
verted,  at  37°C.  for  three  days,  and  the  colonies  then  counted.  The  final 
count  from  the  1-5  dilution  must  be  multiplied  by  50,  and  that  from  the 
1-20  dilution  by  200,  to  give  the  number  of  bacteria  per  cc.  of  saliva,  .\fter 
the  first  lest  has  been  made,  it  is  often  necessary  in  subsequent  tests  to  alter 
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the  dilution  for  a  certain  patient,  if  the  colonies  are  found  to  be  either  too 
sparsely  distributed  or  too  crowded.  It  may  thus  be  necessary  to  spread 
on  the  agar  0.2  cc.  of  the  1-5  dilution  of  saliva  from  a  patient  with  a  very 
small  amount  of  caries,  while  0.1  cc.  of  1-100  or  1-500  dilution  may  be 
sufficient  for  an  extremely  active  case.  The  same  dilution  is  usually  satis¬ 
factory  for  future  tests,  unless  treatment  is  administered  for  the  purpose  of 
reducing  the  aciduric  flora.  Under  such  circumstances  the  dilution  must 
be  lowered. 

In  the  case  of  caries-free  patients,  no  saline  dilution  of  saliva  is  as  a  rule 
necessary  (the  volume  correction  to  10  cc.  is  made  as  in  susceptible  cases). 
Until  a  favorable  range  is  determined  for  a  given  case,  two  plates  are  spread 
as  above  with  0.1  cc.  and  0.4  cc.  of  the  undiluted  but  well-shaken  saliva 
sample,  the  counts  being  multiplied  in  such  cases  by  10  and  2.5  respectively. 
In  a  majority  of  instances,  the  0.4-cc.  plate  remains  free  from  growth  of  B. 
acidophilus,  and  is  frequently  sterile;  larger  amounts  of  saliva  cannot  satis¬ 
factorily  be  spread  over  the  surface  of  the  agar.  The  0.4  cc.  plate  must  be 
allowed  to  dry  well  before  being  inverted  and  incubated. 

Figs.  8  and  9  demonstrate  the  distinct  and  characteristic  difference  be¬ 
tween  salivas  from  caries-susceptible  and  from  caries-free  individuals.  The 
caries-susceptible  plate  (0.1  cc.  of  1-10  dilution)  shows  both  yeast  ana 
acidophilus  colonies;  the  caries-free  plate  (0.4  cc.  undiluted)  shows  only  col¬ 
onies  of  M.  tetragenus. 

III.  QUANTITATIVE  DETERMINATION  OF  B.  ACIDOPHILUS  IN  CARIES- 
SUSCEPTIBLE  AND  CARIES-FREE  CHILDREN 

Using  the  quantitative  method  described  above,  a  group  of  thirty- 
one  children,  9-16  years  old,  was  studied  over  a  period  of  18  months. 
Very  careful  dental  examinations  were  made  at  the  beginning  of  this 
period;  also  at  the  end  of  12  months,  and  again  at  the  end  of  18  months.^ 
Fourteen  children  during  this  time  developed  active  caries  (thirteen 
had  previously  had  caries,  while  one  had  been  free  from  caries  up  to 
this  18-month  period).  Ten  children,  who  had  always  been  free  from 
caries,  had  no  new  lesions  at  the  end  of  the  18  months.  The  remain¬ 
ing  seven  children  became  “clinically  questionable;”  that  is  to  say, 
it  was  impossible  to  determine  whether  new  caries  had  occurred  during 
this  time.  For  this  reason  the  bacteriological  findings  on  the  last 

*  The  dental  examinations  were  made  by  Drs.  R.  W.  Bunting,  Dorothy  G.  Hard,  and 
Philip  Jay,  of  the  School  of  Dentistry. 


TABLE  1 

Incidence  of  B.  acidophilus  in  caries-susceptible  children  during  18  months* 


- O.  L.  +  +  3,200 

A.  W.  +  +  151,150  +  -j.  48,800 

+  303 ,600  _|_  9QQ 

+  +  276,000  243,583  +  3,150 

+  16,200 

_  +  +  15,800  14,675 

*  Qualitative  tests  are  indicated  by  the  acid-broth  cultivations  from  tooth-scrapings 
and  saliva.  Quantitative  tests  are  indicated  by  the  number  of  colonies  on  acid  agar. 
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Incidence  of  B.  acidophilus  in  caries-free  children  during  18  months* 


ACID  AGAR 


ACID  BROTH  ACID  AGAR 


..  No  Der  average 

Tooth-  Saliva  cc.rf 
scrapmg 


120 

1680 

0  4900 


*  Qualitaiive  tests  are  indicated  by  the  acid-broth  cultivations  from  tooth-scrapings  and 
saliva.  Quantitative  tests  are  indicated  by  the  number  of  colonies  on  acid  agar. 

423 


424 


FAITH  P.  HADLEY 


group  are  omitted  from  the  present  report.®  Cultures  were  made  from 
the  saliva  of  each  child  at  irregular  intervals  over  the  18-month  period. 
Six  months  elapsed  between  some  cultivations;  only  one  month,  be¬ 
tween  others.  At  least  six  cultures  were  taken  from  a  majority  of 
cases;  the  low’est  number  from  any  one  case  was  three;  the  highest, 
nine.  In  addition  to  quantitative  acidophilus-counts  from  saliva, 
qualitative  cultures  were  made,  in  the  usual  1  percent  glucose  beef- 
infusion  broth  (pH  5.0),  from  tooth-scrapings  and  from  saliva.  For 
the  latter,  0.4  cc.,  from  both  caries-susceptible  and  caries-free  cases, 
was  inoculated  into  broth. 

The  striking  difference,  in  acidophilus  counts,  between  caries-sus¬ 
ceptible  and  caries-free  cases  is  shown  in  tables  1  and  2.  There  were, 
in  all,  79  separate  quantitative  examinations  in  the  susceptible  group; 
69  in  the  caries-free  group.  In  the  susceptible  group,  100  percent  of 
these  examinations  were  positive  for  B.  acidophilus;  in  the  caries-free 
group,  only  42  percent  were  positive  to  any  degree.  The  average 
count  for  the  14  caries-susceptibles  (total  of  79  examinations)  was 
approximately  60,000  B.  acidophilus  per  cc.  of  saliva,  whereas  that 
for  the  10  caries-free  cases  (total  of  69  examinations)  was  600.  The 
range  of  individual  counts  for  the  susceptible  group  was  extremely 
wide,  varying  from  a  few  hundred  to  500,000,  with  a  majority  over 
20,000.  In  the  caries-free  group  the  range  was  from  0  to  20,000,  a 
majority  of  counts  being  0 — in  81  percent  the  counts  were  less  than  100. 
It  will  be  noted  that  the  counts  for  each  individual  varied  consider¬ 
ably,  particularly  for  those  in  the  susceptible  group.  This  may  be 
due  to  the  fact  that  several  months  sometimes  elapsed  between  ex¬ 
aminations.  Besides,  it  is  practically  impossible  to  obtain  uniform 
counts  from  one  individual  even  from  one  day  to  the  next,  since  the 
paraffin  chewing  cannot  regularly  dislodge  the  same  number  of  organ¬ 
isms  from  the  teeth.  Until  a  method  for  obtaining  more  uniform 
samples  is  worked  out,  this  method  is  useful  chiefly  for  comparative 
purposes. 

WTiile  only  one  caries-free  case  stands  out  as  being  completely  acido- 
philus-free  during  the  18  months,  six  of  the  remaining  cases  show 
counts  so  low  as  to  be  practically  negligible,  their  average  being  under 
75.  The  remaining  three  have  somewhat  higher  averages  (256,  779 

*This  same  group  of  children  was  discussed  in  a  recent  paper  by  Hubbell  (5)  on  chemical 
studies  of  saliva  in  relation  to  dental  caries. 
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and  4,900,  respectively),  although  in  all  three  cases  low  or  negative 
counts  were  frequently  obtained.  Case  E.  B.,  showing  the  highest 
figures  for  the  caries-free  group,  was  the  only  Negro.  All  the  caries- 
free  cases  showed  one  or  more  negative  counts  during  the  period  of 
observation,  thus  indicating  the  transient  nature  of  the  infection  in 
these  cases. 

Comparison  of  the  broth  cultures  from  tooth-scrapings  and  from 
saliva  (our  usual  method  of  determining  the  presence  of  B.  acidophilus 
in  the  mouth)  shows  that  all  in  the  susceptible  group  were  positive. 
In  the  caries-free  cases,  how^ever,  there  w'ere  many  more  positive  cul¬ 
tures  from  saliva  than  from  tooth-scrapings.  Of  the  38  instances  in 
which  broth-cultures  were  made  from  tooth-scrapings  and  from  saliva, 
only  8  cultures  from  scrapings  were  positive,  while  21  from  saliva  were 
positive.  An  illustration  of  this  appears  in  Case  J.  E.  {table  2),  in 
which  the  first  three  tooth-scraping  cultures  were  negative,  whereas 
all  the  saliva  broth-cultures,  made  at  the  same  time,  were  positive. 
The  saliva  counts,  however,  were  very  low — 210,  50  and  585.  It 
therefore  appears  that  positive  broth-cultures  from  caries-free  salivas 
do  not  necessarily  indicate  high  acidophilus  overgrowths,  since  fre¬ 
quently  the  actual  number  of  organisms  is  low,  and  tooth-scrapings 
may  be  negative.  Apparently  in  such  cases  the  organisms  are  not 
localized,  or  are  localized  only  to  a  small  extent  on  the  teeth,  but  are 
free  in  the  saliva.  It  also  should  be  noted  that,  in  the  caries-free 
cases,  broth  cultures  from  saliva  were  sometimes  positive  for  B.  acido¬ 
philus  although  agar  plates  inoculated  with  the  same  quantity  of 
saliva  were  negative.  This  may  be  explained  by  the  fact  that  acid 
glucose-broth  serves  as  an  enrichment  fluid  for  B.  acidophilus,  a  very 
small  number  of  these  organisms  being  stimulated  to  growth  in  broth, 
whereas  on  the  surface  of  an  agar  plate  there  is  greater  initial 
mortality. 

IV.  REDUCTION  OF  B.  ACIDOPHILUS  BY  REGULATION  OF  CARBOHYDRATE 

IN  DIET 

The  quantitative  method  for  estimating  B.  acidophilus  in  saliva 
may  also  be  employed  advantageously  in  the  evaluation  of  attempts  to 
control  caries  by  limiting  the  growth  of  this  organism  in  the  mouth. 
Howitt  and  Fleming  (4)  reported  that  a  diet  predominantly  carbohy- 
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drate  increased  the  number  of  aciduric  organisms  in  the  mouth,  whereas 
a  diet  containing  more  protein  diminished  their  number.  Rodriguez 
(8)  was  also  able  to  decrease  the  number  of  these  organisms  by  reduc¬ 
tion  of  carbohydrate  in  the  diet.  This  method  was  used  by  us  suc¬ 
cessfully  on  several  cases,  one  of  which  will  be  described. 

The  patient,  age  24,  was  extremely  susceptible  to  dental  caries, 
several  new  cavities  developing  each  year  in  spite  of  continued  dental 
attention.  Before  any  change  in  diet  was  undertaken,  quantitative 
estimations  of  B.  acidophilus  were  made  several  times  a  week  for  six 
weeks.  During  this  time  the  counts  varied  from  a  low  of  40,000  per 
cc.  of  saliva  to  a  high  of  300,000,  with  a  usual  count  of  approximately 
150,000.  The  patient  was  then  advised  to  use  a  very  low  carbohydrate 
diet,  which  was  prescribed  by  Dr.  Martha  Koehne  of  our  research 
group.  All  sweet  desserts,  candy  and  sugar  were  eliminated,  as  well 
as  starchy  foods  such  as  bread,  potato,  and  certain  vegetables.  After 
seven  days  on  this  diet,  the  count  was  reduced  to  10,000  B.  acidophilus 
per  cc.  of  saliva;  in  4  weeks  the  count  dropped  to  900.  The  patient 
then  returned  with  much  enthusiasm  to  a  carbohydrate  diet,  again 
consuming  the  usual  amounts  of  sugar  and  starch,  whereupon  the 
acidophilus  count  rose  in  five  days  to  1,800,000  per  cc.  of  saliva  (Jig.  10). 
The  count  remained  above  1,000,000  for  several  days,  during  which 
time  large  amounts  of  carbohydrate  were  consumed.  Next,  a  moderate 
carbohydrate  diet  was  begun  (limited  quantities  of  bread  and  potato 
allowed,  but  sugar  and  sweet  desserts  eliminated).  Since  ten  days  on 
this  diet  reduced  the  count  only  to  130,000,  the  very  low  carbohydrate 
diet  was  again  prescribed,  whereupon  the  count  dropped  to  4,500  in 
twelve  days  (fig.  11),  and  to  the  extremely  low  figure  of  100  in  eighteen 
days  (fig.  12).  When  more  carbohydrate  was  added  to  the  diet,  the 
count  again  rose  and  remained  around  the  150,000  level. 

This  case  illustrates  how  the  quantitative  method  of  estimating  B. 
acidophilus  in  saliva  may  be  applied  to  procedures  designed  to  control 
dental  caries.  It  shows,  moreover,  what  may  be  accomplished  in 
reducing  acidophilus  flora  by  rigid  control  of  carbohydrate  in  the  diet. 
It  was  not  possible  to  determine  the  effect  of  this  carbohydrate  reduc¬ 
tion  on  the  progress  of  the  disease  in  this  particular  case,  since  long 
continued  adherence  to  the  limited,  and  rather  costly,  diet  was  not 
advisable.  Details  regarding  other  cases,  in  which  carbohydrate  in- 
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take  was  controlled  over  longer  periods  of  time,  will  be  reported  by 
Dr.  Martha  Koehne. 


V.  SUMMARY 

The  need  for  a  solid  medium  for  quantitative  determinations  of  oral 
B.  acidophilus  in  connection  with  studies  on  the  bacteriology  of  dental 
caries  has  been  met  by  devising  a  modification  of  Kulp’s  tomato-pep¬ 
tone  agar. 

This  modification  involved  increasing  the  acidity  of  the  medium  to 
pH  5.0,  with  lactic  acid,  and  the  agar  content  to  2  percent. 

On  this  medium  colonies  of  B.  acidophilus  of  the  smooth,  rough,  and 
intermediate  phases  may  be  differentiated  from  each  other,  and  from 
the  other  mouth  organisms,  such  as  yeast,  staphylococcus,  M.  tetra- 
genus,  and  occasional  streptococci,  which  tolerate  this  acidity.  Most 
streptococci  and  staphylococci  do  not  grow. 

Methods  for  collection  of  saliva,  dilution  of  the  sample,  and  spread¬ 
ing  on  the  plates  are  described.  The  number  of  B.  acidophilus  per 
cc.  of  saliva  can  thus  be  estimated. 

In  order  to  secure  well-distributed  colonies  on  agar  plates,  saliva 
from  caries-susceptible  patients  requires  a  much  higher  dilution  than 
does  saliva  from  caries-free  patients.  In  the  latter  group  it  is  often 
necessary  to  employ  undiluted  saliva. 

A  group  of  fourteen  caries-susceptible  and  ten  caries-free  children 
was  cultured  at  intervals  for  18  months.  In  the  susceptible  group, 
qualitative  cultures  showed  B.  acidophilus  present  in  all  cases  from 
tooth-scrapings  and  from  saliva.  Quantitative  estimations  ranged 
from  a  few  hundred  to  500,000  per  cc.  of  saliva,  with  a  majority 
over  20,000.  The  average  for  79  examinations  was  60,000. 

In  the  caries-free  group,  qualitative  cultures  showed  B.  acidophilus 
present  in  only  21  percent  of  tooth-scrapings,  but  in  51  percent  of 
salivas.  Quantitative  estimations  of  B.  acidophilus  in  saliva  ranged 
from  0  to  20,000,  with  a  majority  of  counts  0 — in  81  percent  the  counts 
were  less  than  100.  The  average  for  69  examinations  was  600. 

While  B.  acidophilus  is  invariably  present,  and  usually  in  great 
numbers,  in  the  mouths  of  caries-susceptible  subjects,  in  caries-free 
individuals  its  presence  is  variable  and  usually  marked  by  few  or¬ 
ganisms. 
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By  reducing  carbohydrate  in  the  diet  to  the  lowest  possible  mini¬ 
mum,  in  a  patient  extremely  susceptible  to  caries,  B.  acidophilus  was 
decreased  in  18  days  from  the  very  high  figure  of  1,800,000  per  cc.  of 
saliva  to  100  per  cc. 

The  advantage  to  be  gained  from  applying  this  quantitative  method 
to  comparative  studies  of  the  aciduric  flora  of  caries-susceptible  and 
caries-free  mouths,  and  to  studies  of  methods  of  control  of  aciduric 
overgrowths,  is  indicated. 
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